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The First S^rig&.sf Light Science ^tfgftyB.met with a 
success so fav*'t)3yoil(l my expegtaUoXsptliat I should 
have found in'tltftb" diroiimfitaacs'-arorfe a reason for 
adding the present Vokyne to't^'e -aeries. But I have 
also felt a wish to publish these essays because they con- 
tain facta collected at the coat of much labour and care- 
fiilly discussed, — uaefol, therefore, I tmat, to others as 
IT'well as to myself, when thus gathered into a volume. 

Those who have read my former series of essays, 

' Light Science, Series I.,' ' The Orbs around us," 

f and 'Essays on Astronomy," will perceive that even 

when I treat here of subjects already dealt with by me 

elsewhere, I have been careful to avoid the repetition 

r any statements, except those few without which a 

lubject would be incomplete. For instance, it will not 

3 easy to find in my two papers ou comets in ' The 



VI 



PREFACE. 



Orbs around ur/ statements or reasoning repeated in 
the two papers on comets in the present vohime. 

However, for the most part, the papers in this series 
are distinct in subject ab well as in treatment from any 
of my essays which, h^v^ formerly, appetired. 






RiCHD. A. Proctor. 
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MRS. SOMERVILLE, 
Mary Somerville (mSc Fairfax) was bom at Jedburgh 
on December 26, 1780, and died on November 30, 1873, 
at Naples, aged nearly ninety-two years. In consider- 
ing her education, we have not to mention important 
Beminariea, where aMlled teat^hers make it their chief 
business to impart to others the knowledge for which 
they are themsolvea eminent, but to speak only of 
studies pursued in the calm of a quiet home. This, 
rightly understood, is perhaps the most remarkable 
feature of ber career. There are few mathematicians 
BO eminent as she deservedly was, in whose fame great 
public schools and universitiea do not in some degree 
partake. But we owe almost to accident the discovery 
of the powers of Mary Fairfax's mind, while the gra- 
dual development of those powers proceeded under the 



gui 



dance of tutors unknown to fame, and with i 



only to Bucb assistance as could be given by the friends 

r own family. 

I. Somerville hge^ii^^p'iji^^jr^^^^feow it chanced 
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that the pecnliar powera of her mind came first to ba 
recognised. She was io the habit of working at her 
needle in the window-seat while her brother took bia 
lessons in geometry and arithmetic. Fortunately ipn 
her case) the work which is regarded as most saitaUe 
to the capacity of women leaves the mind nnoccupied; 
and consequently there was nothing to prevent Maiy 
Fairfax from attending to the lessons intended for her 
brother. She gradually became interested in the subject 
of these lessons, and took care not only to be present 
regularly, bnt to study her brother's hooka in her own 
room. It happened that, on one occasion, young Fair- 
fax failed to answer a question addressed to him, and 
his sister involuntarily prompted him. The tutor was 
naturally surprised that the quiet Mary Fairfax should 
have any ideas beyond the needlework which had ap. 
parently engaged her attention; but, being a sensible 
man, he was at the pains to ascertain the degree and 
soundness of her knowledge, and, finding that she had 
really grasped the first principles of mathematics, he 
'took care that she should have liberty to go on in 
her own way.' If a boy had shown similar fitness for 
mathematical research, anxious attention would have 
been devoted to the choice of hooka and teacheraj 
school and university ; but the case of a gir! showing 
such tastes seemed to be adequately met by according 
to her the privilege of following her own devices. We 
shall never know certainly, though it may be that 
hereafter we shall be able to guess, what science lost 
through the all but utter neglect of the unusual powers 



MSS. SOMERVILLE 

of Mary Fairfax's mind. We may rejoice that, througli 
an accident, she was permitted to reach the position 
she actually attained; but there is scarcely a line of 
her writings which does not, while showing what she 
was, suggest thoughts of what she might have been. 

While studying mathematics ' in her own way," she 
found a difficulty which for a time threatened to inter- 
fere with her progress. She was unable to read the 
Princijna, because she could not understand Latin, 
In this strait, she applied, ' after much hesitation,' to 
Prof. Playfair. She asked if a woman might, without 
impropriety, learn Latin, After ascertaining the pur- 
pose which the young lady had in view — possibly in 
doubt lest she might follow in the steps of Anne Dacier 
— Prof. Playfair told her that it would not, in his 
opinion, do her any harm to learn Latin in order to 
read the Printipia. It is noteworthy, as having pro- 
bably a beariug on the course which Mrs. Somerville'a 
reading subsequently took, that Playfair was one of 
the few in this country who at that time appreciated 
the methods of the higher mathematical analysis, and 
had formed a just opinion of their power—-' a power, 
however,' as Sir John Herschel well remarks, ' which 
he was content to admire and applaud rather than 
ready to wield.' His excellent review of the Mecaniipte 
Oehsie probably gave (as Hersehel suggests) a stronger 
impulse to the public mind in the direction of the 
higher analysis than he could have communicated by 
any researches of his own. 

It was not, however, as a m athematician that Mi-s. 
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Somerville first became known to the world. A subject 
of research, exceedingly difficult and only to be pursued 
successfully under very favourable conditions, was un- 
dertaken by her during the life of her first husband, 
Captain Greig, son of High- Admiral Greig, of the Rus- 
sian Navy. She sought to determine by experiment 
the magnetising influence of the violet rays of the 
solar spectrum. « It is not surprising,' says Sir John 
Herschel on this subject, ' that the feeble though 
unequivocal indications of magnetism which she 
undoubtedly obtained should have been regarded by 
many as insufficient to decide the question at issue.' 
Nevertheless it was justly regarded as a noteworthy 
achievement that, in a climate so unsuitable as ours, 
any success should have been attained in a research of 
such extrem3 difficulty. That she achieved, and, what 
is more, deserved success, will be inferred from the 
words in which Sir John Herschel indicates his own 
opinion of the value of her results : ' To us,' he says, 
' their evidence appears entitled to considerable weight : 
but it is more to our immediate purpose to notice the 
simple and rational manner in which her experiments 
were conducted, the absence of needless complication 
and refinement in their plan, and of unnecessary or 
costly apparatus in their execution, and the perfect 
freedom from all pretension or affected embarrassment 
in their statement.' 

In 1832 Mrs. Somerville published the work on 
which, in my opinion, her fame in future years will be 
held mainly to depend. The Mechanism of the Heavens 



was originally intended to form one of the works 
published by the Society for the Diffusion of Useful 
Knowledge, though it soon outgrew the dimensions 
suited for soch a purpose. Indeed, it is remarkable 
that either Mrs. Somerville herself or Lord Brougham, 
at whose suggestion the work was undertaken, should 
suppose it possible to epitomise Laplace's mat/num, 
opus, or 80 to popularise it as to bring it within the 
scope of the Society's publications. 

It will be well, in weighing the yalue of the book, 
to consider it first with reference to the purpose of its 
author, though a judgment based on that consideration 
alone would not be a fair one. These, then, are the 
words in which Mrs. Somerville presents the scope and 
purpose of her work : — 

' A complete acquaintance with physical astronomy 
can only be attained by those who are well versed in 
the highest branches of mathematical and mechanical 
science : such alone can appreciate the extreme beauty 
of the results, and the means by which these results 
are obtained. Nevertheless, a sufficient skill in ana- 
lysis to follow the general outline, to see the mutual 
dependence of the several parta of the system, and to 
comprehend by what means some of the most extraor- 
dinary conclusions have been arrived at, is within the 
reach of many who shrink from the task, appalled by 
difficulties which perhaps are not more formidable than 
those incident to the study of the elements of every 
branch of knowledge, and possibly overrating them by 
not making a sufficient distinction between the degree 




of mathematical acquirement necessnrj for makii 
discoveries and that which is reciuisit^ for nnderetMi 
ing what others have done. That the study of matli 
matics, and their application to astronomy, are fnU 
interest, will be allowed by all who have devoted tin 
time and attention to these pursuits ; and they OB 
can estimate the delight of arriving at truth, whett 
it be the discovery of a world or of a now property 
numbers.' 

It cannot be doubted that Mra. Somerville here i 
dicates her belief in the possibility of presenting li 
subject in a form suited to the capacities of a llU] 
number of readers, and to some extent advocates tl 
as her object. Whether she succeeded or failed ia tl 
purpose must therefore be the first question to engaj 
our attention. Sir John Hersebel considers that |j 
succeeded, 'for all those parts of her subject, at leal 
which the work ' professes to embrace ; that ia to 8| 
the general exposition of the mechanical princip] 
employed, the planetary and lunar theories, and the 
of Jupiter's satellites, with the incidental points nat 
rally arising out of them.' With the utmost reapc 
for the authority of one who was so thorough a maal 
of the subject which Mary Somerville endeavoured 
popularise, I venture to express a different opinio 
I find it impossible to come to any other coucluaii 
than that, as respects the main purpose of her wot 
Mrs. Somerville failed entirely ; though I hasten 
qualify this statement by the remark that, in n 
opinion, succeaa was altogether impossible. I belies 
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ict, that neither Mrs. Somerville nor Sir John 
Herschel thoroughly apprehended the difficulty of con- 
veying to the general reader clear ideas respecting even 
the elements of the subjects they severally endeavonred 
to expound. But I feel bound to add that Mrs. Somer- 
vilie's failure, inevitable from the very nature of her 
task, would in any case have been brought about by 
the manner in which the task was accomplished. It 
will presently be seen that, in saying this, I am, in 
fact, touching on the most remarkable and distinguish- 
ing quality of Mrs. Somerviile's mind. 

There are two essential requisites in a treatise in- 
tended to introduce a difficult subject to general readers. 
First, there must be a clear appTehension of the position 
of such readers, of what they can and of what they 
cannot understand, and of tb© form in which what is 
written for them may most usefully be presented. It 
is not too much to say that if just ideas had been en- 
tertained by Mrs. Somerville on this point, the attempt 
to present the Mechanism of the Heavens in a popular 
form would never have been made. But, secondly, it is 
essential that in any work of the kind each statement 
— each sentence, in fact — should be presented in terms 
80 precise as to be absolutely unmistakable. This is 
not BO necessary in advanced treatises — ^indeed, it is 
too well known how large a proportion of our works 
on advanced science are wanting in strict precision of 
expression. But it is absolutely necessary in works 
intended to popularise science. It is a Bomewhat re- 
markable circumstance that in the Mechanism of tJie 



Heaveiis — the boldest attempt ever made, perliape, 
this direction — not only is preciiiion of expression 
a notable feature, but, on the contrary, the most el 
ing fault in the work is the inexactness of the langnaga 
Even Sir John Herschel, whose perfect familiarity wili 
the subject of the work would tend to render the Umi 
less obvious to hiin, was nevertheless struck by ifei 
' The most considerable fault we have to find,' he 
' with the work before us consists in an habitual laxife) 
of language, evidently originating in bo complete 
familiarity with the qu'intUies concerned aa to indiio 
a disregard of the word* by which they are designated 
but which, to any one less intimately conversant witi 
the actufil analytical operations than its author, xand 
infallibly become a source of serious errors, and whic^ 
at all events, renders it necessary for the reader to Hi 
constantly on his guard.' 

These words form the penultimate sentence of 
John Herschers critique. I have preferred to speidE 
first of the subject touched on, so as to pass without 
reservation to a more pleasing topic — the real 
unquestionable value of Mrs. Somerville's chief wcnrS 
And, after all, the good qualities of the work are intriiv 
sic, while its main fault relates to a purpose which thft 
work never could have fulfilled, no matter how cara> 
fally the fault had been avoided. 

It is in this sense ^regarding the work apart, frodt 
its special purpose, and judging of it only as a confcrii 
bntion to advanced scientific literature — that we mai 
fairly say, with Sir John Herschel, that the work ii 



one of wHch any geometer might be proud. There is, 
indeed, ample evidence of the disadvantage under 
which Mrs. Somei-ville laboured, in the want of tho- 
rough mathematical training; but so much the more 
wonderful ia it that she shonld have completely mas- 
tered her subject. Every page indicates her appreciation 
of the methods employed by Laplace and Lagrange. 
Where she does not strictly follow the Mfcaniqite 
O&leste, she evidences a clear recognition of the pur- 
poses to be subserved by adopting a different course. 
I would not be understood as commending all the 
departures thus made ; on the contrary, there are cases 
where it appears to me that on the whole it would have 
been preferable to have followed the processes of the 
Mecanique Celeste more closely, while there are others 
where certain more modern processes might perhaps 
with advantage have been introduced. But even in 
such instances we recognise in the course pursued by 
Mrs. Somerville the decision of one perfectly familiar 
with the subject in hand. And many of the changes 
must undoubtedly be regarded either as improvements, 
or else as altogether desirable, when the scale of Mrs. 
Somerville's treatise is taken into account. Amongst 
I instances of the former kind must be classed the method 
employed in the investigation of the equations of con- 
tinuity of a fluid : amongst instances of the latter I 
would specially cite the treatment of the theory of ellip- 
tic motion, in the opening chapters of the second book. 
If, however, I were asked to point out the feature of 
B'work which, in n-y opinion, most strikingly indi- 




cated the powers of Mrs. Somerville's mind, I sboaM^ 
unbeeitatingly select the preliminary dissertation. Inr 
tluB we have an abstract of the Newtonian philosoplgr 
such as none but a master-mind could have prodacecL 

Apart from its scientific value^and it has great scieu 
tifie value — it is a work of great literary merit. If i 
is not in plan and purpose altogether original, inaa 
ranch as it must be regarded as to some degree al 
abstract of Laplace's Si/'St^e du Monde, it is neTaK 
theleas, as Herachel has well remarked, ' an abstract B 
vivid and judicious as to iave all the merit of ori^n 
ality, and such as could have been produced only ^ 
one accustomed to large and general views, as well a 
perfectly familiar with the particulars of the subject,' 

Three years after the appearance of the Mecliantta 
of the Heaniens, Mrs. Somerville published the work hj 
which she is probably best known to general readert 
The Connexion of the Pki/slcal Sciences was, I belieri 
written at the suggestion of Lord Brougham, as a 
expansion of the admirable introduction to the Cele, 
Mechanism. It ie a work full of interest, not only 1 
the student of advanced science, but to the generfl 
reader. In saying this we indicate its chief merit an 
its moat marked defect. It is imposaible to conceivl 
that any reader, no matter how advanced or how iimit« 
his knowledge, could fail to find many most instructiv 
pages in this work; but it is equally imposaible 
conceive that any one reader could find the whole work 
or even any considerable portion, instructive or usefal 
The fact was that Mrs. Somerville recognised, or — whici 
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is practically the sauje thing— wrote as if she recognised, 
no distinction between the recondite and the simple. 
She makea no more attempt at explanation when 
speaking of the perturbations of the planets or discusa- 
ing the most profound problems of molecular physics, 
than when she is merely running over a aeries of state- 
ments respecting geographical or climatic relations. 
It would almost seem as though her mind was so con- 
stituted that the difficulties which ordinary minds ex- 
perience in considering compltsx mathematical problems 
had no existence for her. A writer, to whom we owe 
one of the beat obituary notices of Mrs. Somerville 
which hitherto have appeared, tells us that the sort of 
pressure Mrs. Somerviile underwent from her publisher 
as the earlier editions of the Connexion of the Phijsical 
iSci'ejices passed through tho press ' convinced her of her 
own unfitness for popularising science. When there was 
already no time to lose in regard to her proof-sheets, she 
had hint upon hint from Mr. Murray that this and that 
and the other paragraph required to be made plainer to 
popular comprehension. She declared that she tried very 
hard to please Mr. Murray and others who made the same 
complaint, bat that every depaiture from scientific 
terms and formulas appeared to her a departure from 
clearness and simplicity ; so that, by the time she had 
explained and described to the extent required, her 
I Statements seemed to her cumbrous and confused. In 
t other words, this was not her proper work.' 

Eespecting her two other works, I shall merely 
pemark that the Physical Geography appeared in 1848, 



and the Molecular and Micnarojnc Seienet in 1861 
whea Bhe bad reached the advanced age of eighty-eigl 
yeara. 

I may be excused for regarding Mary Somerville'B liJ 
with reference rather to her astronomical and mathemai 
tical researches than to her proficiency in other branclu 
of science. In this aspect of her career it ia difficnlt 
great as was the reputation she deservedly obtained, no 
to contemplate with regret those circumstances, tli 
effects of unfortunate prejudices, whereby she was j 
vented from applying the full powers of her mind tO> 
the advaucemeut of science. It ia certain that c 
department of mathematical research was beyond hi 
powers, and that in any she could have done origin] 
work. In mere mental grasp few men have probab^ 
surpassed her ; but the thorough training, the scbolarl' 
discipline, which can alone give to the mind the pow 
of advancing beyond the point up to which it ba 
followed the guidance of others, had unfortunately be^ 
denied to her. Accordingly, while her writings shoiVt 
her power and her thorough mastery of the instTumemtll 
of mathematical research, they are remarkable Iraa fo 
their actual value, though their value is great, than a 
indicating what, under happier auspices, she mightt 



I have mentioned that Mrs. Somerville was twicA 
married. By her first marriage she had one son, Mit, 
Woronzow Greig, since deceased. A few years afh 
Captain Greig's death she married her cousin, Dr. 
Somerville, by which marriage she had three daughtera^ 




two of whom survive her. The latter years of her life 
(twenty-three years, we believe) were passed ia Italy, 
It has been said by one who was well acquainted with 
the circumstances that ' the long exile which occupied 
the latter portion of her life waa a weary trial to her. 
8he carried a thoroughly Scotch heart in her breast ; and 
the true mountaineer's longing for her native country 
eickened many an hour of many a tedious year. She 
liked London life, too, and the equal intercourses which 
students like herself can there enjoy ; whereas, in Italy, 
she was out of place. She seldom met any one with 
whom she could converse on the subjects which in- 
terested her moat ; and if she studied, it could be for no 
further end than her own gratification. It was felt by 
her friends to be a truly pathetic incident that, of all 
people in the world, Mrs. Somerville should be debarred 
the sight of the singular comet of 1843 ; and the eii'- 
cumstance was symbolical of the whole case of her 
exile. The only Italian observatory which afforded the 
necessary implements was in a Jesuit establishment, 
where no woman was allowed to pass the threshold. At 
the same hour her heart yearned towards ber native 
Scotland, and ber intellect hungered for the congenial 
intercourse of London ; and she looked up at the sky 
with the mortifying knowledge of what was to be seen 
there but for the impediment which barred her access 
to the great telescope at baud. With all her gentleness 
of temper and her lifelong babit of acquiescence, she 

L suffered deeply, while many of her friends were iudig- 

^^ nant at the sacrifice.' 
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I shall venture to qaote, in conclusion, some remarks 
by Sir Henry Uolland on features of Mrs. Someirilles 
character and life which have been hidden from general 
knowledge : ^ She was a woman not of science only/ 
he tells us, ' but of refined and cultivated tastes. Her 
paintings and musical talents might well have won 
admiration, even had there been nothing else beyond 
them. Her classical attainments were considerable, 
derived probably from that early part of life when the 
gentle Mary Fairfax — gentle she must ever have been 
— was enriching her mind by quiet study in her Scotch 
home. ... A few words more on the moral part 
of Mrs. Somerville's character ; and here, too, I speak 
from intimate knowledge. She was the gentlest and 
kindest of human beings — qualities well attested even 
by her features and conversation, but expressed still 
more in all the habits of her domestic and social life. 
Her modesty and humility were as remarkable as those 
talents which they concealed from common observation. 
. . . Scotland,' he justly adds, ' is proud of having 
produced a Crichton. She may be proud, also, in 
having given birthplace to Mary SomerviUe.' 

(From Monthly Notioeit of the Royal Agtrononiical Society 

for February 1873.) 
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THE EVER-WIDENING WORLD OF STARS 

As the aeieBce of astronomy has advanced, the ideas 
men have formed respecting the extent of the universe 
have gradually become more and more enlarged. In 
far-off times, when astronomers were content to judge 
of the conformation of the universe by the appearances 
directly presented to their contemplation, the ideaa 
formed respecting the celestial bodies were singularly 
homely. We read that Theophrastus looked upon the 
Milky Way as the fastening of the stellar hemispheres, 
which are ' so carelessly knitted together that the fiery 
heavens beyond them can be seen through the spaces,' 
Anaximenea believed the heavens to' be made of a kind 
of fine earthenware, and that the stars are the heads of 
nails driven through the domed vault formed of this 
material. And even Lucretias, whose views of nature 
were so noble, has referred without disapproval to the 
bizarre theory of Xenophanes that the stars are fiery 
clouds collected in the upper regions of air. 

While the Ptolemaic system of astronomy waa ac- 
cepted there were no means of forming any trustworthy 
■views respecting the extent of the stellar universe. If 
the earth were ever at rest we could never know how 
the stars are from us ; and therefore the old astrono- 
.ers were free to invent whatever theories they pleased 
to the scale on which the sidereal scheme is con- 
iBtracted. It was only when the earth was set firee by 
[jDopemiciis from the imaginary chains which had been 
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coiicinved as holding it in tho centre of the aniveree 
that it bocunie possible to form any conception of tlie 
distances at which the stars lie from us. Indeed Tycho 
I^rahe immediately iK)inted this out as an overwhelm- 
ing objection against the new theory. *Are we to 
suppose,' he urged, ' that the stars are placed at such 
enormous distances from us as to seem wholly un- 
changed in position while the earth sweeps round the 
sun in an orbit millions of miles in diameter ? If this 
amazing theory were true, the stars would be hundreds 
of millions of miles from us — a view which is utterly 
monstrous and incredible.' 

But strange as this new view appeared, it gradually 
gained ground. It became presently so well established 
that when Cassini discovered that the earth travels in 
a much wider orbit than Tyclio Bralio had supposed — 
so that the stars were at once thrown many hundreds 
of millions of miles farther from us — astronomers still 
held to the new order of things. ' With Briarean 
arms,' as Humboldt has described their labours, the 
fellow-workers of Cassini thrust farther and farther 
away the ' heaven of the fixed stars,' until the immensity 
of the universe grew so great beneath their labours 
that new modes of expressing its dimensions had to 
be adopted. They were not satisfied with the obvious 
circumstance that the stars seem to remain unchanged 
in position as the earth sweeps round the sun. They 
tested this apparent fixity of position with instruments 
of greater and greater power — yet always with the 
same result. They made observations ten, twenty, 



fen fifty timea more exact ttaa Tyclio Brahfi's, and 
fact that they still detected no change of position 
fied nothing less than the universe of the fixed 
ia ten, twenty, even fifty times farther from ns 
n Tycho Brahe had imagined. 

Thna when Sir W, Herschel began the noble series 
researchea amid the steUar deptha which has rendered 
name illustrious, the world of stars was already 
inconceivably enormous extent. Yet so widely did 
le increase our appreciation of the vastness of the 
nniverse, that it has been thought no exa^eration to 
say of him that ' he broke through the barriei-s of the 
heavens : ' ' Cffilorum perrupit claustra,' says his monu- 
ment at Upton, and every student of astronomy who 
has carefully examined Herschel's labours understands 
the justice of the expression. For, consider what 
Herschel did. When he began bis survey of the hea- 
vens, astronomers had proved indeed that the nearest of 
the fixed stars lie at enormous distances from ns, and 
some of the more advanced thinkers had begun to form 
noble speculations respecting the relations of the stars 
which lie beyond the sphere of those visible to us. 
But it was reserved for Sir W. Herschel to apply exact 
observations to the unseen star-systems. He literally 
gauged the celestial deptha. With a telescope whose 
;ht^athering power extended the range of vision to 
mt eight hundred times its natural limit, he swept 
,e whole of the northern heavens. He estimated the 
depth of the system of stars in every direction by a 
simple and natural process. For, like all great thinkers, 
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he struck out modes of inquiry which, the moment thqf 
were presented to the world, seemed so obvious that 
the wonder was how they could have remained so long 
undetected. He said that precisely as the quantity of 
water passed through by the sailor's lead-line marks 
the depth of the sea, so the number of stars which can 
be seen when a telescope of given power is turned 
towards any part of the heavens is a measure of the 
depth of the sidereal system in that direction. In in- 
dividual cases, indeed, the law may not be trae, jast as 
the sailor's lead-line may light on the peak of some 
sunken rock, and so give no true measure of the genend 
depth of the sea in the neighbourhood. But when the 
average of a great number of such ' star-gaugings ' is 
taken, then we may feel tolerably certain that on 
applying the simple rule devised by Herschel we shall 
form no inaccurate estimates of our system's extent in 
any direction. 

Thence arose his great theory of the stellar system. 
He showed that our sun was but one of an immense 
number of suns, distributed in a region of space resem- 
bling a cloven disc in figure. When we look along 
the thickness of the disc we see the enormous beds of 
stars, which lie round us in that direction as a cloud 
of milky light, which so comes to form a cloven ring 
round the heavens. But when we look out towards 
the sides of the disc, where the stars are less profusely 
scattered, we see between them the black background 
of the sky. 

Then Herschel extended his researches to those 
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mge objects called the nebulie. He showed that 
B astronomers had reckoned tens of theae objects 
were in reality thousands. And he found that a 
: proportion of the nebalre can be resolved into 
He held that these, therefore, may be looked 
as external universes, resembling that great system 
f stars of which onr sun is a member. We need not, 
ti this point, dwell upon the distinction which Herschel 
between nebulte of this sort and those objects 
b he held (and, as we now know, justly) to be true 
la, formed of some vaporous substance, of the 
^nal natnre of which he forbore to express an opinion. 
Let it suffice to remark that in whatever mode those 
vaporous nebulse might be supposed to be formed, it 
waa clear to Herschel that they cannot be held to lie 
■necessarily beyond the system of the fixed stars, as 
he held to be certainly the esse with the stellar 
nebulre. 

Since Herschel'a day a multitude of important dis- 
coveries have been made. His son, the present Sir 
John Herschel, carried the system of star-gangings over 
the southern heavens, having first trained himself for 
the work by verifyiog Sir William's northern star-gaug- 
ingB. The eminent astronomer Struve and others have 
applied a series of testa to the basis of Herschel's theory 
of the universe. Increased telescopic power has been 
applied to the examination of the nebulie. And lastly, 
a mode of research more wonderful than the boldest 
pioneers of science had ventared to hope for has been 
applied to determine what the stars and nebulas really 



are, nay even the very elemeDte of wMch they are o 
Btituted. 

Therefore we Btaad ia a positioD so far in sdvaoeei 
that to which it wan in Htsrschel's power to attain, 1 
the attempt to niodifS' his tlieortes iie«d no longer | 
thoiiglit to favour of un«3ue boldness. Half a e 
does not pass without hriQ^ng a vast extension 
knowledge, and certainly the last half century has be 
no exception to this rule ; insomuch that conld 1 
great astronomer take his place again aoiong ua, a 
hecouie cognisant of the vast strides which his favooii 
science has made since he left us, he would be the 6 
to point out that many of his views require to 
modified or even to be wholly abandoned. 

For instance, let us consider the meaning ctf t 
following observation made by the younger Hexsc^ 
While ' sweeping ' the southern heavens, this ( 
astronomer noticed occasionally the existence of f 
outlying streamers belonging to the Milky Way, 
only irresolvable into stars, but so exceedingly c 
that he could scarcely speak of them as really visiW 
He was sevmble of their existence, but when the e 
was turned directly upon them they vanished, insomm 
that, he says, ' the idea of illusion has repeatedly aria 
subsequently,' yet when he came to map down U 
places where these phantom stftr-atreams had been d 
tected, he found that they formed regular branches' 
the galactic system. 

Now, these ontlying star-streams prove first of a 
that the star-systeni is not disc-shaped, but spiral i 
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pgcre. Between the stara which foim the ordinary 
reams of the Milky Way and tliose which form the 
1 streams, there must lie regions in which stars 
1 either altogether wanting or strewn with much 
i profusion than in either the nearer or the farther- 
jam. 

But this is not the only nor the chief conclusion 
■Fhich may be drawn from the existence of the almost 
Ivanescent star-streams. According to Herschel's views 
the stars which compose those streams are only faint 
through enormity of distance. They may be as large 
as our sun, many of them perhaps far larger. And 
between them there may yawn distances as large as 
those which separate as from Arcturus or Aldebaran. 
Now, this being so — the outlying parts of our own 
sidereal system being removed so far from us as to be 
all but evanescent in Herschel's splendid reflector- — 
how much greater ought to be the faiutness of the 
sidereal systems which Sie outside ours ! If the nebula 
are really such systems, and made up of suns like our 
own, then not only ought Herschel's great reflector to 
fail in rendering them visible, but even Lord Eosse'a 
noble mirror would require to be increased a. hundred- 
fold in power before we could see them. For clearly 
the nebulEB, which appear as mere tiny specks upon the 
vault of heaven, most be very much farther away than 
the confines of our system, if they are comparable with 
it in size. 

Therefore we mast have ' of two things one.' Either 
the confines of our sidereal system are constituted very 
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differently from the parts in our neighbourhood ; or 
the nebulas are constituted very differently from the 
sidereal system. We say, of two things one, meaning 
that one of the two views must be true ; but it is plain 
that there is nothing to prevent both being true. 

We may next come to the inquiry whether these 
views are severally supported by any special evidence. 

Now, as to the first, it happens that the southern 
heavens surveyed by the younger Herschel afford 
evidence such as Sir William Herschel was not pos- 
sessed of. The former has seen places in the southern 
skies where the outline of the Milky Way is so sharply 
defined that even in the telescope the sudden change 
from a background of black sky to the sprinkled light 
of the galaxy is not lost. One half of the field of view 
will exhibit the former aspect, the other the latter. 
Now, if we consider a cloud, or a dense flight of birds, 
or any cluster of objects exhibiting a well-defined out- 
line, we see at once what that well-defined outline 
means. It signifies that the eye is directed along the 
edge or surface of a distinct cluster of objects — in one 
case globules of water, in another birds, and so on — 
and the idea is at once precluded that the eye is vnthin 
the cluster^ of whatever nature that cluster may be. 
Therefore the theory that the sun forms one of a system 
of stars spread pretty uniformly over a disc-shaped space 
must be given up ; for were it true, the approach to 
the Milky Way would always be gradual. 

When we add that in the southern skies the Milky 
Way presents the most fantastic configuration — here 
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PftxpandiDg into fan-sliaped massea, there winding about 
in a mnltitude of strange convolutions ; here suddenly 
narrowing into a bright neck or isthmus, there exhi- 
biting a nearly circular vacancy — it becomes clear that 
the galaxy cannot have the figure assigned to it by Sir 
"W. Herachel. It must consiat of streams and sprays 
of stars at different distances. Such streams by their 
fantastic convolutions serve to explain all the pecaliari- 
ties of the galaxy's structure. 

And next, have we any evidence that the nebulse 
are not really beyond the galaxy, but are mixed up 
with the sidereal system ? It appears to me that we 
Jtave. 

Sir William Herscliel noticed that there are places 
where the nebnise are much more densely crowded than 
elsewhere, and he was disposed to suspect that pre- 
cisely as the stars by their aggregation form the zone 
of the Milky Way, so there is a zone of nebnl^e. Bat 
when Sir John Herschel had completed the survey of 
the heavens it was found that a very difierent law of 
distribution made its appearance. Instead of being 
collected in a zone or band around the heavens, the 
nebulas are arranged in two distinct but irregular 
clusters, separated by a well-marked zone almost en- 
tirely free from nebulte. And this zone coincides almost 
exactly with the Milky Way. 

What are we to understand by so special an arrange- 
l^jnent as this ? A modem astronomer says it clearly 
^Mroves that the nebulse do not belong to the star- 
^^■orld ; but I can see no escape from an exactly oppo- 
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site view. A simple illustration will serve to exhibit 
the nature of the case. Suppose a person found a 
space of ground on which gravel was arranged in the 
form of a ring, and that rough stones were thickly 
spread over the whole sptice except the gravel ring, 
would he conclude that there was no association be- 
tween the arrangement of the gravel and the arrange- 
ment of the stones, because few stones were to be 
found on or near the gravel ? Would he not rather 
find in this peculiarity distinct evidence that there 
was some association ? He would, we think, argue 
that the gravel had been collected into one place and 
the stones into another, in pursuance of some one par- 
ticular scheme. The corresponding conclusion in the 
case of the stars and nebulae would clearly be that the 
stars had been drawn together in one direction and the 
nebulas in another, out of a common world of cosmical 
matter. In other words, we should look on the nebulas 
as members of the same system or scheme that the 
stars belong to. 

And here it may be asked how the conclusion thus 
deduced from the arrangement of stars and nebulae can 
be said to tend to enlarge our views of the world of 
stars. On the contrary, it might be urged, the views 
which had prevailed before presented us with nobler 
conceptions of the universe. For we were able to 
recognise in the thousands of nebulas which fleck the 
dark background of the sky, sidereal systems as noble 
as that of which our sun is a member; and in the 
existence of countless star-systems we had a spectacle 
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to contemplate before which the hnman intellect was 
compelled to bow in its utter powerlessnesa and inaig- 
nificance ; whereas it seems as thongh the new views 
would redace the scope of our vision to a single galaxy 
of stars, unless some few members of the nebular system 
may still be looked on as outer star-schemes. 

But on a closer inspection of the views I have been 
maintaining, it will appear that they largely enhance 
our conceptions of- the scale on which the world of 

IBtara is constructed. Until now it has been held that 
the telescopes which man has been able to construct 
enabled ds to scan the limits of our sidereal system, 
and to pass so readily beyond those limits as to become 
flenaible of the existence of thousands of other schemes 
as noble as our own, or nobler. But if the new views 
should be established, we should be compelled to recog- 
nise in the world of stars a system which our most 
powerful instruments are not fully able to gauge. The 
clusters of stars, whose splendour has so worthily ex- 
cited the admiration of the Herschels, the Bosses, the 
Stmves, and the Bonds, must be looked upon as among 
the glories of our own system, and indicative of the 
■ hinnltiplied forms of structure or of aggregation to be 
i found within its boundaries. As of late our concep- 
I'tions of the wealth of the solar system have been 
Imihanced by the discovery of numberless new objects 
■ and new forms of matter existing within its range, 
V*nd co-ordinating themselves in regular relations with 
3 earlier known members of the system, so we seem 
w called on to recognise in the stellar world an 



unsuspected wealth of ma-terial, a hitherto anreoogiuao 
variety of cosmical forms, and an extension into r 

of apace to which our most powerful telescopes have t 
yet been able to penetrate. 

But now I would call attention to a peculiarity i| 
the southern skies, which, while apparently aSbrdiq 
conclusive testimony in favour of the new views, 1 
unaccountably (in my opinion) been urged as an s 
ment tending in quite another direction. Theire { 
to be seen in those skies two mysterious clouds of ligfa 
which were called, by the first Europeans who aai 
the southern seas, the Magellanic clouds, and are n 
commonly spoken of by astronomers as the Nubeculi 
Examined by the powerful telescope of Sir John Ha 
schel, these objects have been found to consist of an 
fixed stars and nebulte, grouped together without t 
evidence of sjiecial arrangement, but still obviooi 
int«rniLxed — not merely seen projected on the i 
field of view. 

These strange objects have given rise to : 
speculations ; and among the definite views put fon 
respecting them is one recently expressed in 
valuable communication to the Royal Astronomic 
Society from the pen of Mr. Cleveland Abbe, 
astronomer who has laboured in the sound school . 
the Poulkowa Observatory. Having recognised in 1 
peculiar aiTangement of stars and nebulte above : 
ferred to an argument that the nebuliB lie beyond c 
system, Mr. Abbe suggests that the Magellanic clon^ 
are two of the nearest of the nebular systems, whit 
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thas exhibit larger dimensioES than their fellow- 



The converse of this, which may be termed the 
Dsitive theory of the Nnbeculte, is the hypothesis 
which may be termed the negative theory. Whatever 
ISiese objects may be, astronomers have said, they are 
t[uite distinct from the sidereal system, nor are the 
nebula seen within them to be looked upon as fellows 
of the other nebnlffi. For in the Nubeculaa we see what 
We recognise nowhere else, the combination, namely, of 
(slustering groups of stars and freely-scattered nebulEe. 
It ia the characteristic (still, I am quoting the theory) 
of the sidereal system that where its splendours are 
greatest nebnlse are wanting ; it is the characteristic of 
Kebclar aggregation that it withdraws itself in appear- 
aice fi«m the neighbourhood of clustering star groups. 
But in the Magellanic clouds neither of these charac- 
ieristics is to be recognised ; therefore these objects 
e distinct fr«m either system. 

Nor has anotber argument been wanting to indicate 

e distinction that eidsta between the Magellanic 

fiouds and the other Bplendours of the celestial vault. 

^^Sir John Herschel, sweeping over their neighbourhood 

with his 18-inch reflector, was struck with the singular 

barrenness of the skies around them. With that ex- 

e verbiage which gives so great a charm to his 

:onomical descriptions, he forces on our attention, 

I and again, the poverty of the regions which lie 

connd the Nubecnlae. 'Oppressively barren,' he de- 

ribes them in one place ; ' the access to the Nubecnlw 
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on all sides is through a desert/ he says in another. 
And this peculiarity, thus established by the certain 
evidence of an observer so able and trustworthy, has 
been held by many to imply in the clearest and most 
distinct manner that there is no connection between 
the Nubeculas and the stellar system. 

To me the eWdence afforded by the barrenness of 
the regions round the Magellanic clouds points irre- 
sistibly in the opposite direction. Why should some 
outer system, free as is assumed of all association with 
our own, occupy that peculiarly barren space which so 
attracted the attention of Sir John Herschel ? But if 
we look on the coincidence as striking in the case of 
one, how much more remarkable will it appear when 
the only two outer systems of the sort, thus brought 
within. our ken, are associated in this way with the 
most singularly barren region in the whole heavens ! 
Surely the more natural conclusion to be drawn from 
the phenomenon is that the richness of the Magellanic 
clouds and the poverty of the surrounding districts 
stand to each other in the most intimate relation. 
Is there not reason for concluding that those districts 
are poor because of the action of the same process ot 
aggregation which has attracted within the Nubeculas 
a larger share than usual of stellar and nebular glories ? ^ 

It need hardly be mentioned that the former argu- 

* Sir William Herschel has recorded a peculiarity respecting 
nebulae which is worthy of mention in connection with the facts 
above considered. * I have found/ he says, ' that the spaces pre- 
ceding nebulae were generally quite deprived of stars, so as often to 
afford many fields without a single star.' 
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menb, on which the diatinctioa between the Nabecnlte 
and other celestial objects has been founded, is disposed 
of at once if we recognise the stellar and nebular 
systems as in reality forming but a single scheme. Not 
only BO, but the Nubeculae afford a striking argument 
in favonr of the latter view. To return to the somewhat 
homely ill uatratioti made use of above. Onr conceptions 
the original association between the stones and the 
'gravel arranged in the manner indicated, would certainly 
"be strengthened, or would even be changed into abso- 
lute certainty, if we perceived in a part of the ground 
two heaps in which stones and gravel were intermixed. 
iWhen I add that there are two distinctly marked 
lar streams leading towards the Nubecula!, as well 
several well-marked star-streams tending in tbe 
direction, the evidence of association seems greatly 



If these views be accepted, we shall have to look 

npon the world of stars as made up of all classes of 

clnatering aggi'egations, besides strange wisps and sprays 

^extending throughout space in the most fantastic con- 

folutions. Then, also, while dismissing the idea that 

iie nebulfe as a class are external systems, we may 

iccept as highly probable the conclusion that some of 

^e spiral or whirlpool nebuhe really lie far beyond the 

"confines of our system. For we see in these objects 

the very picture of what the new views show our 

sidereal system to be. There, are the spiral whorla 

^bprresponding to the double ring of the Milky Way ; 

^^pere, are faint outlying streamers corresponding to 
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the phantom star-streams traced by Sir John Herschd ; 
there also, are bright single stars and miniature clusters 
— nay, there also, may even be recognised large knots 
or nodules of clustering stars, forming no inapt analogue 
of the Magellanic clouds. 

Frasei^s Moffozine for July 1S69. 



MOVEMENTS IN THE STAR-DEPTHS. 

Among the many striking contrasts between the seeming 
and the real suggested by the study of astronomy, there 
is none more startling than the contrast which exists 
between the apparent repose of the heavens and what is 
really taking place among the star depths. On a calm, 

clear night — 

When all the winds are laid, 
And every height comes out, and jutting peak 
And valley, and the immeasurable heavens 
Break open to their highest — 

the stars seem set as emblems of eternal fixity and rest. 
As such they have been regarded in all ages by the poet ; 
nor has science, so far as it has been directed to the 
apparent movements of the stars, taught any other 
lesson. It has, indeed, shown that the stars are even 
more steadfast than they seem, in so far as it teaches 
that their diurnal and annual motions are but apparent, 
while the great processional swaying of the star-sphei^e 
is but the reflection of the earth's gyration. More and 
more just, so far as these motions are concerned, has 
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appeared the title of 'the fixed stars' assigned by 
astronomerB to the snns which people space. 

Yet the deptha displayed to our view in the stilliiess 

of the calmest and clearest night are, in reality, astir 

with the most stupendous activity. The least of the 

orbs we see — some star so faint that it is only discerned 

by momentary gleams — is the abode of forces whose 

I action during a single instant surpasses in effect all the 

' forces at work upon the earth during a decade of years. 

AH the wonderfiil processes taking place within and 

aronnd the globe of onr own sun have their analognes 

in that distant orb. Let it be remembered also that 

Lonr snn himself presents an aspect which in no sense 

Isoggests his real condition. If we would picture him as 

e actually is, we must consider the uproar and tamnit 

which prevail where, to our ordinary perceptions, all 

•ems at perfect rest. The least movement on that 

glowing photosphere represents the action of forces so 

teeniendous that they would be competent to destroy 

fin an instant this earth on which we live. The most 

hideous turmoil, ontvying a million-fold the roar of the 

horricane or the crash of the thunderbolt, must prevail 

, for ever in every part of the solar atmosphere. And in 

Lirfaatever respet^s other snns may differ from onr own, 

Fin this at least we know that tiey resemble him. It is 

the very charter of their existence as suns — as real 

living centres of energy to schemes of circling worlds 

— that they should thus continually pulsate with their 

E vitality. Each is the central engine on wbcse 
lal motions the life of a system of worlds depends, 
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and eacli must, nnth peraUtent activity, work ont iu 
purpose, autil the fuel which supplies its forces a 
be exhausted. 

All the evidence as yet obtained points to the < 
elusion that our own sun, wonderful as is hie etruct 
and Btupendous his energy, ia yet very far iuferior j 
splendour and power to most of his fellow-sui 
where Sirius ia, the sun would appear but as a \ 
rate star, leas bright thaii hundreds of the at 
to the unaided eye. But removed to the distaQOe i 
Atdebaran, or Castor, or Betelgeux, our sun wouliT o 
tainly not shine more brightly than the fonrth-i 
tude stars, while it is probable that his lustre would 1 
so reduced that he would be barely discernible, 
can be little donbt that of all the stars seen 
clearest and darkest night, there are scarce fifty which 
are not far larger auna than ours, and consequently the 
scene of more tremendous processes of change. 

But when we turn from the consideration of the 
energy and vitality of individual stars to inquire into 
the movements taking place within the star system, w« 
are yet more startlingly impressed by the contrast be- 
tween the apparent rest prevailing in the atar-depths 
and the inconceivable activity really present there. It 
seems incredible that all those orbs which look so still 
are speeding through apace with a velocity compared 
with which every form of motion familiar to ua on 
earth must be regarded as almost absolute rest. This 
appears even more surprising when we consider that 
during all those centuries with which history deals, 



i 






[tiring the rise and fall of tlie nations of antiquity, 

during the darkness of the Middle Ages, daring the 

more familiar scenes of recent centuries, the stars 

have presented an aspect so constant that if the Cha!- 

^lean astronomers conld he restored to life, they would 

ignise scarce any change in the positions of the stars 

the ancient constellations. Yet there are no 

itronomical facts more thoroughly established than 

lose which relate to the motions of the stars. The 

mt orb of Sirius, exceeding our snn a thousand times 

in volume, Capella and Procyon, the glories of Orioh, 

the clustered Pleiads, Arctnrus, Vega, and Aldebaran, 

all the stars known tfl the astronomer, are urging their 

way with inconceivable velocity, each on its own conrse, 

f though doubtless nil these motions are subordinated to 
yet unexplained aysteio of movements whereby 
11 the stjirs of the galaxy are made to form parts of one 
I arm onions whole. 

Until lately it had only been by one method of 
observation that the astronomer could assure himself 
that these motions were taking place. That method is 
the simplest conceivable. If a star's place were accu- 
determined, either with respect to neighbouring 
TS or to the imaginary circles and points on the 
there which are determined by the earth's movementa 
of rotation and revolution, then, if the star be really 
in motion, a change of place must in the long run 
manifest itself, not indeed to ordinary vision, but to 
piercing scrutiny and to the yet more remarkable 
leasuring powers of the aatronomical telescope. A 




hundred years may etapae bpfore the motion is mt 
able, yet the astronomer can none the less certainly 
assure himself that the motion is taking place, since he 
has the records of those who have gone before him, and 
the means of satisfying- himself that those records are 
trustworthy. 

It had long been felt, however, that there was an 
unfortunate gap in the evidence respecting- stellar 
motions. The astronomer could tell how much or how 
little the stars were shifling on the heavens, but he 
conld obtain no measure whatever of other motions 
which nevertheless must exist among the stars. If a 
star were receding or approaching, no trace whatever 
of such motion could be recognised. No instrumental 
means could enable the astronomer to measure the 
change of brightness due to the star's change of dis- 
tance, since such changes must needs be infinitely 
small compared with the actual lustre of the star. 

So that it seemed os though the astronomer must 
for ever remain ignorant of one most important portion 
of the stellar motions. All he conld do, as it appeared, 
was to watch the aspect of the heavens, and, as it slowly 
changed, to infer in what way the stars were moving 
athwart the line of vision ; and even this he could only 
do most imperfectly, since his knowledge of the distances 
of the stars is so limited that he can form hut inexact 
notions of the rate at which the stars are so moving. 
They may he very far away and moving veiy swiftly, or 
they may be at a less (though still enormous) distance, 
and moving with a correspondingly reduced velocity. 



MOVEMENTS IN THE STAB-DEPTBS 



35 



I 



This soarce of difficalty was very strikingly illns- 
trated when the subject of the stellar motions was 
treated in connection with the ideas respecting the 
sidereal oniverse promalgated by Sir W. Herschel. In 
■•&& hypothesis which regarded the stars as spread with 
a certain general nniformity through a stratum or slice 
of space, there was no feature which afforded any pro- 
mise that by the study of the stellar motions the 
mysteries of the sidereal universe might be interpreted. 

(The very basis of Sir W. Herschel's own researches into 
the subject is the vague supposition that it is as likely 
-d priori that any given star will move in one direction 
«s in another. Later we find Struve presenting his 
results in the following form ; ' One may w^er four 
hundred thousand to one that a portion of the seeming 
motions of the stars is due to the sun's motion, and it 
is an even wager (on peui parier un rimtre mi) that the 
latter motion takes place at the rate of between 135 and 
175 millions of miles per annum.' The whole qaestion 
had become one of probabilities, based on more or less 
istworthy assumptions. We cannot wondeT greatly 
hen Sir G. Airy undertook the complete re- 
tmination of the matter thirty years ago, the result 
obtained, while indicating the general probability 
the inferences before obtained, nevertheless exhibited 
whole problem as one needing further investigation.' 
It will be seen presently that we cannot too atten- 

' This part of my aabject is folly diKDSsed in a paper called 

the Sun'fl Joumej tbroogh Space,' which appeared in Frmer'i 

'« for Scptembet lii^, and will be fuund amoDg m; ' Essays 
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tiveiy regard those earlier researches, if we would ful 
estimate the importance of the results which hav 
recently been obtained. Let it he carefully notioe 
that the earlier reBolta flowed directly from the hjp< 
theses respecting the stars which have so long t 
tained their ground in our text-books of e 
If these hypotheses are sound, the results flowing fi 
them, even though only based on the general priacipU 
of probability as applied to those hypotheses, might & 
expected to be somewhat near the truth. If, on t 
contrary, an independent and trustworthy series i 
results should show that those earlier results are i 
correct — are indeed very far from correctness — tl 
pro itmto the hypotheses which led to those earl 
results would be invalidated. 

Let it then be clearly understood that, a 
to the results in question, the stars were held to be i 
motion at rates comparable in general with the veloc 
of our sun, this velocity being estimated at about E 
and three-quarter miles per second. We do not inclm 
here the result that the sun is moving towards Hercnli 
because that may be regarded as established, whate? 
opinion we may form as to the distribution of the ste 
in space. 

Before proceeding to indicate the bearing of ree 
observations on these theoretical conclusions, I wo 
invite some degree of attention to the circumata 
that the view I am here advancing as to the bear 
of new facts on the old hypothesis, is not a new 
framed to account for the new facta in a way agree 
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■ with my own theories respecting the atara. More than 

ihirteen years ago in 'Fraser'sSIagazine,'aad earlier still 

1 the Proceedioga of scientific societies, I indicated my 

lief that the real facta are precisely auch as have now 

^l>een demonstrated. 

Already when I so wrote, promise had been afforded 
Bthat the astronomer might come in time to know,' not 
[merely whether certain atara are approaching or re- 
f ceding, but at what rate (in milea per second) these 
motions are taking place. I need not here enter into 
an explanation of the method by which this waa to be 
mplished, inasmuch as a full account of the prin- 
Lcipie on which the method ia based is given in the 
I .paper called ' News from Sirius,' in my Essays on Astro- 
I nomy. Suffice it to say, that it depends on the obseiTed 
1-^splttcement of some known dark line in the ratnbow- 
1 tinted streak forming the spectrum of a star, and that 
I' whec such a line is displaced towards the red end of the 
Ispectrum it is known that the star is receding, while 
Iwhen the displacement is towards the violet end it ia 
J-known that the atar ia approaching. 

Dr. Hnggina, onr great spectroscopiat, had succeaa- 

' fully applied this method to the star Sirius, and he had 

found that that star is receding from the earth at the 

rate of npwards of twenty-five miles per second. But 

k Birius was the only star which could then be examined 

■liy this method. The light of Sirius exceeds more 

ihan five timea that of the next star in order of brigfat- 



5 the cloning words of the last 
-aaj mentioned. 
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nes9, at least of those visible in our hemisphere ; and I 
with the instrument then at Dt. Huggins' disposal (his 

own eight-inch refractor) it was found impossible to see 
the dark lines of any otlier star-spectrum with a spec- 
troscope dispersive enough to give any measurable dis^ 
placement of the lines. 

But the importance of the inquiry (aa well i 
those other spectroscopic researches in which Dr. Hog^ 
gins had been so successful) was manifest to oar 
scientific societies ; and accordingly a large sum was 
granted by the Royal Society for the construction of 8 
refractiug telescope, fifteen inches in aperture, to eoald^ 
Dr. Muggins to extend his researches to the leadin^^ 
stars of our uorthern heuvens. This fine instromea^. 
was ready for use in the spring of 1872, and 1 
many weeks had passed Dr. ifuggius had obta 
results of surpassing interest and importance. He h 
recognised motions of recession and approach in no It 
than thirt.y stars, and had traced laws before unknow^ 
in the phenomena of these stellar motions. 

One of the most striking features in the seriM ■ 
star-motions observed amd measured by Dr. Huggii 
is the amazing velocity with which some of the sta 
are moving. Astronomers had ascertained that Sirif 
is moving athwart the line of vision much more rapid 
than the sun is travelling through space. But Sirin 
is so exceptional both in his brightness and in his t 
mated bulk, that his enormous velocity did not appei 
altogether surprising. It did not lead the generali 
of astronomers to consider that the sun's i 
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the average velocity of the stars hadbeen greatly under- 
estimated. Bat now we learn from a method of rcBearch 
which is far more trustworthy than any applied to the 
measurement of thwart motions, that some of the stars 
are moving from or towards the earth with a velocity 
far exceeding that of Sirins. If we take the thwart 
motion of Sirins at twenty-five miles per second, and 
his motion of recession at twenty miles (this being the 
value assigned by the latest and best measurements), 
we find for this absolute motion the amazing velocity 
of about thirty-two miles per second. But Dr. Huggins 
finds that Arcturus is receding from the sun at the rate 
of 55 miles per second, Vega at the rate of about 50 
miles, Arided (the chief brilliant of the Swan) at the 
rate of 39 miles, Pollux 49 miles, and Dubhe of the 
Great Bear at the rate of from 46 to CO miles per 
second. Beside such motions as these, our sun's esti- 
mated velocity of about 4| miles per second, which had 
seemed so imposing when it v/aa considered that he 
bore with him at this enormous rate his whole family 
planets, sinks into relative insignificance. We here 
recognise stellar rates of motion nearly equalling that 
at which our earth circuits around the sun. But a 
velocity which, considered with reference to a minnte 
orb like the earth, is intelligible, becomes altogether 
startling in the case of orbs like Arctnms and Vega, 
which undoubtedly exceed our own sun many times in 
volume. I use the word ' intelligible ' with a purpose ; 
for I am not considering here what is conceivable or 
the reverse. We can in reality undersiand why the 



earth etould be possessed of the velocity she actually 
diaplaye. We know that the aun's attraction is com- 
petent to generate such u velocity, or a. much greater 
velocity. But in the cea^ of a star these swift motions 
cannot be thus explained. The stars are too far aparti 
to be so influenced by their mutual attractions 
great velocities would "be generated. And thus t 
thoughtful mind cannot but recognise in the stellu 
motions a pubject of contemplation far more impressi^ 
than the subordinate though even swifter motions ( 
the Earth, Venus, or Mercury. Whence sprang thai 
amazing energy which is represented by the props 
motions of the sans ? If we admit the possibility th» 
forces of eruption or expulsion could account for th( 
observed motions, we shall have to answer the startlinj 
(juestion, Of what order are the orbs whence the gian 
suns are expelled ? and the yet more difficult question^ 
Where ai'e these orbs ? and, How is it that, inordinate^ 
large though they must be, we are yet unable to d 
tinguish them from ordinary suns? If, on the othei 
hand, we prefer to I'egard the stellar velocities as gene 
rated by the attractions of larger orders of bodies thu 
the stars (as planetary velocities may be regarded a 
generated by their parent suns), we still have the lae 
two questions to answer ; and, so far as can be judged 
these questions are at present unanswerable.' 

I In passing, however, I would venture to touch od thiaqnestil 
o£ centrol auna, or of central but opaqne orba round which the atm 
may revolve, in order to reoiove a very prevalent miaoonoeptio 
It seems to be comnioiily supposed that we csnnot imagine sot 
Diba to lie far enoughawaj to account for their not being diacemifa 



Another strikiiig feature in the results annonnced 
by Dr. Hag^ns is the absence of any sj-^stematic agree- 
ment between the stellar motions he has rec<^Tiised, 
and the motion of onr snn towards Hercnles. It is 
manifest that if our san were alone in motion, the 
actual rates of approach and recession of all the stars 
in the heavens would be at once determined when the 
rate of the sun's motion was determined. If, for ex- 
ample, he were moving at the rate of twenty miles per 
second towards the star Lambda of Hercnles, he would 
be approaching every star lying in that direction at 
the same rata ; he would be receding from all stars 
idying in the opposite direction at the same rate ; and 
^e would be approaching or receding from stars lying 
opposite directions at a less rate (readily calculable), 
. certain half of the heavens would contain all the 

3 which the sun was approaching ; the other half 
frould contain all the stars from which he was receding ; 
ind the circle separating these halves would mark the 

e of stars which the sun was neither receding from 

r as orbs of liglit or by biding more distant stars, nitbuut de- 
living them of the attractive influence necessary to sway the 
notions of the starE. This, however, is not the case. An orb looking 
as bright as Siriaa,bat ten times as far away, it of equal density and 
inherent brightness, would be a ihoueand times more massive, while 
the effect of distance would only be to reduce its attraction one 
hnndred times. It would, therefore, attract our sun ten times as 
strongly aa Sirius actually does. In like manner, an orb one hundred 
timet as far away as Sirivia, but so large as to appear as bright, would 
attract our san one hnndred times aa strongly, and so on. So that 
^ cannot be positively asserted that among the stars visible to us 
■e may not be the central sun of the sidereal scheme— inordinately 
^ and massive compared with the rest, but reduced by distance 
e same order of brigiitness. 
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nor approachiDg. Bat uotbing of this sort can be 
recogni»e<1 in tJie observed stellar rates of approadtj 
aud recessioD. Sirius (which lies nearly opposite I 
Hercules) ia receding at the rate of about 20 miles peC^ 
second ; but Vega (which lies close to Hercules), instead 
of approaching at about the same rate, is actually 
approaching at the rale of about 50 miles per second. 
Castor, which is very near the border line between tits 
two hemispheres just mentioned, and should therefora 
neither be approaching nor receding, is in fact 1 
iug at the rate of about 2.j miles per second : will 
Pollux, though similarly placed, is approaching the bu 
at the rate of about 49 miles per second. Again, t 
the seven bright stars forming Charles's Wain, sii at 
approaching (five of them at the rate of about 20 mila 
per second), while the seventh ia receding at a rat 
probably exceeding 50 miles per second. 

Thus we see that the sun cannot be regarded as a 
orb moving within the scheme of stars, and by his oW 
movement causing the chief apparent motions of th 
surrounding orbs. His motion ia but part o 
scheme of motions, whose laws are as yet unknown 1 
us. We may recognise in the method of research whid 
has now been so Bucceaafully applied the sole means q 
determining what those laws may be. We can now td 
the very rate, in milea per annum, at which the sua 
are approaching or receding from us ; and though wi 
have no reason for believing that our sun occupies il 
any sense a central position — so that we have yet fci 
learn at what rate and in what way the stars moyi 



■ound the true centre of their system — yet it is far 

from unlikely that if we can but ascertain the motions 

of a sufficient number of stars, we shall have the means 

of judging where the centre lies round which these 

BdDOtions are taking place. 

^M The astronomer may well look with doubt, however, 
^Km the efForta which are being made to solve this stu- 
^Riendous problem. If we may judge from the analogy 
Hn our own solar system, we can see that in the far 
more complicated scheme of the stars there must exist 
innumerable features to perplex the observer. If we 
imagine a being placed in the midst of the solar system, 
Bund enabled to study the various apparent motions 
^prifiible from his stand-point, and if we further suppose 
^him gifted with the power of measuring the rate at 
which the various orbs are approaching him or receding 
from him, then we know that if his scrutiny were but 
continued long enough, he could not fail to recognise 
the laws which exist within that system and regulate 
all those motions. Where at first all had seemed con- 
^bilBion, our imaginary observer would recognise in the 
^Bftrarse of time a beautiful harmony ; motions which had 
appeajred discordant would be found to be in reality 
subordinated into one grand scheme. But if we suppose 
our observer to occopy his imaginary stand-point for a 
few hours, or even for a few days only, how imperfect 
would be his ideas of the harmony of the celestial mo- 
tions ! He would see the primary planets moving 
apparently in diverse directions and at inconsistent 
rates ; the secondary planets apparently travelling with 
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Qon-accordant motions and on different paths ; the 
asteroids would perplex him by their wide range of 
apparent distribution ; meteoric systems would appear 
to conform to no recognisable law ; and the movements 
of comets would seem altogether inexplicable. 

Yet the terrestrial observer of the infinitely more 
complicated sidereal system is in reality even less 
favourably circumstanced than our imaginary observer 
of the planetary scheme. The motions which come 
within his ken are more minute, compared with the 
real dimensions of the stellar paths, than the motion of 
Saturn or Jupiter in a single second compared with the 
wide orbits traversed by these planets. We cannot tell 
whether the observed motion of a star is that by which 
it is carried on some vast independent drbit ; or is its 
motion within some subordinate scheme ; or, lastly, is 
for the most part due to the sun's own motion within 
the sidereal system. When we see the stars of the 
same constellation carried in different directions, we 
cannot tell whether the real motions are diverse in 
character, or whether the diversity is but apparent, 
like the apparent advance and retrogression of planets 
which, nevertheless, are travelling in a common direc- 
tion around a common centre. 

But precisely because the diflSculties which surround 
the problem of the stellar motions are so stupendous, 
we must so much the more carefully examine every 
feature which observation may reveal to us. To do 
otherwise were to abandon the problem as altogether 
hopeless. 
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Now it cannot but be recogTiised tbat in this respect 
the new method of research is peculiarly promisiDg. 
For whereas all former methods have dealt only with 
apparent motion, this method tells na of the real rate 
of stellar displacements. We have seen how it has 
disposed of the inferences which had been formed as to 
the snn's velocity, and the average velocities of stellar 
motion ; let us inquire what has been its bearing on 
the views of astronomers respecting the stellar nniverse 
regarded as a scheme or system. 

Other methods of dealing with the motions of the 

Btare had related chiefly to the question of the sun's 

joomey through space, until Madler was led to inquire 

whether the motions of the stars might not afford the 

f determining where the centres of the stellar 

I- ^stem may lie. Limiting his range of inquiry, in the 

I first instance, by certain preliminary considerations, he 

I proceeded to examine the direction of the apparent 

[ titellar motions in a particular region of the heavens. 

Ljt seemed likely to bim that the centre of the universe 

■would be near the MUby Way, and probably on that 

■band of conspicuous stars which extends over the 

Greater Dog, Orion, the Bull, Perseus, and Cassiopeia. 

Still further, be reasoned that if the sun is circling 

around the central orb, this body must he on a line 

square to the sun's path ; so tbat if we imagine a line 

extending from a point in the heavens from which 

& snn is travelling to the point towards which he is 

JBrelling, then the central orb must lie somewhere on 

|| near to a plane through the sun and square to that 




liDf. Xow such a plane would cat the Milky Way ii 
two places, one in the northern heavens in Persea8, the 
other in the sonthem heavens between the Altar and 
the Centanr. Wsdler further indicates reafions for 
believing that the centre of the sidereal universe lies 
towards the northern region of the Milky Way. Laatln 
seeing that not far from the northern region there ia a 
remarkable star cluster, the Pleiades, he was led ( 
examine the region around the Pleiades for those aigi 
which he thought likely to exist towards that part of the 
heavens where lies the centre of the sidereal nniverae. 
We do not enter here into a consideration of the reason- 
ing which led MSdIer to conclude that in that part o 
the heavens the stars would all appear to be moving h 
the same general direction, for they are rather recondite 
That, however, was his ant-icipation ; and as he foaw 
that the stars in the constellation Taurus are nearly a1 
moving aoathwards, he was satisfied that he had no 
been mistaken in setting the Pleiades as the centra 
region of the universe, and the star Alcyone, th< 
brightest of the Pleiades, as the central orb aroun^! 
which all the stars revolve. 

Now to such a problem as this — a problem whoaa 
grandeur cannot but be recognised even by those who 
reject the conclusions adopted by Madler — the new 
method of research is applicable with peculiar forcei 
For instance, if the stars of Taurus are circling roun^ 
a particular orb also in Taurus, it will be manifest, oi 
a moroent's consideration, that they can have only i 
slight motion either of recession or approach with ra 



Ipect to the sun. Wten from our station on the earth 
we see Venus or Mercury nearly in the same direction 
OS the sun, we know that at the moment either- planet 
has only a thwart motion, being then either at its 
greatest or least distance from ua. So that if the new 
method were applied to stars in Taurus, and showed 
that swift motions of recession or approach are there in 
ragress, it would at once dispose of the attractive but 
D specnlative theory of the German astronomer. 
This has not jet been accomphshed ; in fact, since 
, Huggins' instrument was mounted and in order, 
^e constellation Taurus has not been well-placed for 
(Observation by the new method. But in the meantime, 
ridence of the most convincing nature has been ob- 
tained to show that Miidler's theory is unsound. 

hare seen that the theory was based, in the main, 
I a certain general community of apparent motion 
among the stars in Taurna. Miidler took it for granted 
that this community of motion is exceptional. It did 
not occur to him to examine the motions of stars in 
her parts of the heavens, to see whether perchance a 
ike feature might not present itself elsewhere. 

Having been myself led by other inquiries than 
tfadler's to the conclusion that the steEIar motions 
might afford useful information as to the structure of 
heavens, I thought it desirable to make a chart 
lowing all the known stellar motions in such a way 
ut wherever a community of direction exists it would 
^ at once apparent in the chart. Little arrows, affixed 
\ the star-discs on the map, showed by their direction 




and length the nature and amount of the stellar thwart 
motions. When the map was completed it was easy 
to see that the community of motion in Tanrus was 
only one instance, and by no means the most striking) 
which conld be recognised, of a phenomenon which 
have since called dar-drijl. Certain sets of stars ai 
seen to be moving athwart the heavens, nearly 
same direction, and nearly at the same rate, in sat 
sort ea to show that they form distinct families of sur 
travelling onwards — each family as a single group- 
through the celestial spaces. 

If this view is just, Madler's theory is at once showii 
to be unsound ; since the stars in Taurus thna appeal 
as simply a drifting family of stars, one among severs 
auch families. 

All that was required to make the proof convincin( 
was, that one of theSe sets of drifting stars should la 
shown to be either approaching the earth or receding 
from it as a single group. 

Now, among the instances of star-drift there was 
one in the Great Bear which presented some vei 
striking features. Five stars in this constellation, 
known as Beta, Gamma, Delta, Eta, and Zeta, wei 
seen to be travelling, not merely at the same rate an 
in the same direction, but on a course precisely oppc 
site to that which they would have had if their apparen 
motion had been due to the sun's motion in spact 
Moreover, all these stars are large and eonspicuona 
while one of them, Zeta,, is distingniahed by havi 
two companions, one very close to it, and the other 
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far away tliat its motion aroand Zeta is only completed 
(according to Miidler's computation) in a period of 
about 2,000 yeara; so that, if all the five large stara 
form a single system, the cyclic revolutions of the 
system must require millions of millions of years for 
their completion. 

I selected this family of stars as affording a con- 
'yenient means of testing (crucially) the accuracy of 
jny theory of star-drift. If that theory is just, all 
these stars must be either approaching or receding at 
a common rate. If the theory is unsound, the chances 
are enormous against their possessing a common motion 
of approach or recession. I expressed a strong feeling 
of confidence that whenever Dr. Hnggins applied the 
new method of research to these stars, he would find 
^that they are either all approaching or all receding, 
and at one and the same rate. When I expressed this 
opinion, I knew that before many months had passed 
the matter would be decided one way or the other. 

Nothing could be more complete than the confirma- 
tion of my views by Dr. Huggins' observations. In 
ids table of stellar motions. Dr. Huggins brackets 
iogether the five stars in question as possessing a com- 
DM>a motion of recession at the rate of about twenty 
per second. Moreover, he finds, from the nature 
of their spectra, that they are all alike in physical 
constitution. 

It is hardly necessary to insist upon the importance 
this result. It proves, first, that in this instance— 
id therefore presumably in the other instances— of 



apparent star-drift, there is n distinct family or gTOBp , 
of stars, travelling bodily onwards amidst tke eta 
depths. It is shown that the motions taking plat 
within this star-family are small compared with 1 
common motion of the group. It can be inferred thai 
the group is relatively isolated, since otherwise w 
should find other stars in the Great Bear sharing i 
the motion of these five j and also, if there had been i 
disturbing orb at a moderate distance trom the grou|i 
the members of the family would ere thin have lorf 
their uniformity of motion. Whatever may be the 
centre around which these five stars are moving a 
single group, the distance of that centre must exceed 
enormously the dimensions of the group, precisely t 
the distance of the sun from Jupiter's satellite family 
enormously exceeds the dimensions of that systed 
Yet the distances separating the stars of the Gre 
Bear are themselves amazingly vast. The distand 
between Beta and Zeta of the Great Bear cannot \ 
less than 100,000 times the distance separating ob 
earth from the aun, and is probably far vaster, 
then must be the distance of the centre of motion, 
seen from which this enormous space is reduced to i 
almost evanescent arc ! 

It seems not unlikely that we ought to regard t 
family of stars here recognised as bearing the e 
general relation to the stellar universe (or to that poiS 
tion of it to which our sun belongs) that a group at 
meteors bears to the solar system. Alt the drifting*. 
star-familiea may not indeed travel around one and the 
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saTiie centre ; or there inay be no tme centre, bnt only 
a central region, ronnd which these movements take 
place ; bnt it is impopaible to consider thoughtfolly 
any instance of commumty of stellar motions without 
feeling that it implies a common influence affecting in 
the same or nearly the same way each member of the 
drifting star-family. K there is but one such centre, 
whether it be a single orb or a central region of thickly 
clustering stars, there now seems to be at least a pos- 
sibility that we may find where this centre lies. When 
only a few more star-families have been recognised, 
and their motions of approach or recession determined, 
it; will be a problem of no inordinate difficulty to 
dednce the position in space of the regions round 
which these motions are taking place, or else to prove 
(which would equally be a solution of the problem now 
before us) that no such region exists, and that the stars 
drift around more centres than one. 

Whatever success may attend the efforts mode to 
explain the stellar motions, there can be no doubt that 
the problem is well worthy of the most thorough in- 
vestigation. There is, indeed, something startling in 
the thought that man, placed as he is on a tiny orb — 
an orb rotating swiftly on its axis, earned swiftly round 
the sun, and borne along with him in his swift motion 
through space — man, shortlived and weak, and unable 
ty his unaided vision to perceive a thousandth part of 
the star-system, should yet attempt (and not unhope- 
folly) to master the secret of its structure and motions. 
It may be that what has hitherto been done is but the 
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iK^giniiing of the series of labours by which, if ever, 
that end will be accomplished ; or it may be that we 
are nearer to the mastery of the problem than we at 
present imagine ; but, in any case, there is but one 
course by which success can be achieved. Piece by 
piece the facts on which our reasoning is to depend 
must be gathered together ; while at every stage of the 
inquiry the full meaning of observed facts must be as 
far as possible evolved. Success will not be obtained 
by observation alone, nor by theorising alone ; but by 
that combination only of observation and theory to 
which we owje all the most important discoveries 
hitherto effected by astronomers. 

Praser's Magazine for November 1872. 



THE GREAT NEBUIA IN ORION. 

rKiHO the firsb four months of the year the constella- 
ton Orion ia very favourably situated for observation 
I the evening. This magnificent asteriam is more 
leaeily recognised than the Great Bear, Cassiopeia's 
^Chair, or the fine festoon of stars which adorns the 
jODBtellation Perseos, There is, indeed, a peculiarity 
x)ut Orion which tends considerably to facilitate 
cognition. The other consteUations named above, 
[yrate round the pole in a manner which presents 
^them to us in continually varying positions. It is not 
vith Orion, Divided centrally by the equator, the 
Blighty hunter continues twelve hours above and twelve 
iliours below the horizon. His shoulders are visible 
lomewhat more, his feet somewhat less, than twelve 
^onrs. When he is in the south he ia seen as a giant 
rith upraised arms, erect, anil having one knee bent, 
i if he were ascending a height. Before him, as if 
Faised on hia left arm, ia a curve of small stars, forming 
the shield, or target of lion skin, which he is repre- 
sented as uprearing in the face of Taurus. When Orion 
& in the east, his figure ia inclined backwards ; when 
I setting, he seema to be bent forwarda, as if rush- 
5 down a height ; bnt he is never aeen in an inverted 
fiition, like the northern constellations. 
And we may note in paaaing that the figure of Orion, 
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as he sets, does not exactly correspond with the image 
presented in that fine passage in Maud : 

I arose, and all by myself, Id my own dark garden ground. 
Listening now to the tide, in its broadflung shipwrecking roar, 
Now to the scream of a maddened beach dragged down by the wave. 
Walked in a wintry wind, by a ghastly glimmer, and foond 
The sliining Daffodil dead, and Orion low in his grave ; 

and again, towards the end of the poem : 

It fell on a time of year 
When the face of night is fair on the dewy downs. 
And the shining Daffodil dies, and the charioteer 
And starry Gemini hang like glorious crowns 
Over Orion's grave low down in the West. 

I would not, however, for one moment be understood 
as finding fault with these passages of Tennyson's finesti 
poem. Detached from the context, the image is un- 
doubtedly faulty ; but there is a correctness in the very 
incorrectness of the image, placed as it is in the mouth 
of one 

Raging alone as his father raged in his mood ; 

brooding evermore on his father's self-murder : 

On a horror of shattered limbs .... 
Mangled and flattened and crushed. 

Let us pass on, however, to the subject of our paper. 

Beneath the three bright stars which form the belt 
of Orion are several small stars, ranged, when Orion is 
in the south, in a vertical direction. These form the 
sword of the giant. On a clear night it is easy to see 
that the middle star of the sword presents a peculiarity 
of appearance : it shines as through a diffiised haze. 
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In an opera-glass this phenomenon ia yet more easily 
recognisable. A very small telescope exhibits the 
cause of the peculiarity, for it is at once seen that 
what seemed a star is in reality a mass of small stars 
intermixed with a diffused nebulosity. 

It is a very remarkable circumstance that Galileo, 
whose small telescope, directed t« the clear skies of 
Italy, revealed so many interesting phenomena, failed 
to detect 
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It would not, indeed, have been very remarkable if he 
had simpiy failed to notice this object. But he would 
seem to have directed his attention for some time 
especially to the region in the midst of which Orion's 
ibula is found. He says : ' At first I meant to de- 
leate the whole of this constellation; but on account 
of the immense multitude of stars— being also hampered 
through want of leisure— I left the completion of this 
design till I should have another opportunity.' He 
therefore directed his attention wholly to a space of 
about ten square degrees, between the belt and sword, 
in which space he counted no less than four hundred 
stars. What is yet more remarkable, he mentions the 
fact that there are many small spots on the heavens 
Bhining with a light resembling that of the Milky Way 
(complures similw colons areolw sparsim per istkera 
KvhfuJgeant) ; and he even speaks of nebula of this 
sort in the head and belt and sword of Orion. He 
asserts, however, that by means of his telescope, these 




zebDlie were distinctly resolved into stars — a circn 

stance which, as we shall see presently, renders ] 
description wholly inapplicable to the great nebnla 
Yet the very star around which (in the naked-eye view 
this nebula appears to cling, is figured in Galileo^ 
drawing of the belt and sword of Orion ! 

It aeeniH almost inconceivable that Galileo shonlf 
have overlooked the nebula, assuming its appearano 
in hia day to liave resembled that which it has at pre 
sent. And as it appears to have been established that 
if the nebula has changedat all during the past century 
it has changed very slowly indeed, one can scarce^ 
believe that in Galileo's time it should have presentei 
a very difierent aspect. Is it possible that the viei 
suggested by Humboldt is correct — that Galilee 
not see the nebula because he did not wish to see it 
' Galileo,' says Humboldt, * was disinclined to admit < 
assume the existence of starless nebulte.' Lo 
the discovery of the great nebula in Andromeda- 
known as ' the transcend ently beautiful queen of ti 
nebulas ' — Galileo omitted all mention in hia works o 
any but starry nebulas. The last-named nebula wa 
discovered in 1614 by Simon Marius, whose claims t 
the discovery of Jupiter's satellites bad greatly angerei 
Galileo, and had called forth a torrent of invective, ii 
which the Protestant German was abused as a hereta 
by Galileo, little aware that he would himself befor 
long incur the displeasure of the Church. If we couli 
auppose that an unwillingness, either to confirm i 
rival's discovery of a starless nebula, or to acknowledge 



that he had himself fallen into an error on the schject 
of nebulce, prevented Galileo from speaking about the 
great nebula in Orion, we should be compelled to form 
but a low opinion of his honesty. It happens too 
frequently that 

Tlie man of science hiraBclf is fonder o! gloiy, and vain — 
An eye well praatiEed in nature, a spirit bonnded and poor. 

That HeveliuH, the ' atar-cataloguer,' should have 
failed to detect the Orion nebula is far less remarkable ; 
for Hevelius objected to the use of telescopes in the 
work of cataloguing stars. He determined the position 
of each star by looking at the star through minute 
holes or pinnules, at the ends of a long rod attached to 
an instrument resembling the quadrant. 

The actual discoverer of the great nebula was Huy- 
ghena, in 1656, The description he gives of the dis- 
covery is BO animated and interesting that we shall 
translate it at length. He saya : 

' While I was observing the variable belts of Jupiter, 
a dark band across the centre of Mara, and some indis- 
tinct phenomena on his disc, I detected among the 
fixed stars an appearance resembling nothing which 
had ever been seen before, so far as I am aware. This 
phenomenon can only be seen vrith large telescopes, 
Bach as I myself make use of. Astronomers reckon 
that there are three stars in the sword of Orion, which 
lie very close to each other. But as I was looking, in 
the year 1656, through my 23-feet telescope, at the 
middle of the aword, I saw, in place of one star, no lesa 
than twelve stars — which indeed is no unasua! occur- 



rence with powerful telescopes. Three of these stars 
seemed to be almost in contact, and with tiiese were 
four others which shone as through a haze, so that the 
space around shone niuch more brightly than the rest 
of the sky. And as the heavens were serene and ap- 
peared very dark, there seemed to be a gap in this 
pnrt, through which a view was disclosed of brighter 
heavens beyond. All this I have continued to see up 
to tlie present time [the work in which these remarks 
appear — the Si/Kte-ma Saturn! um — was published in 
1659], so that this singular object, whatever it is, may 
be inferred to remain constantly in that part of the sky. 
I certainly have never seen anything resembling it in 
any other of the fixed stairs. For other objects once 
thought to be nebulous, and the Milky Way itself, 
show no mistiness when looked at through telescopes, 
nor are they anything but congeries of stars thickly 
clustered together.' 

Huyghena does not seem to have noticed that the 
space between the three stars he described as close to- 
gether is perfectly free from nebulous light — insomuch- 
that if the nebula itself is rightly compared to a gap i 
the darker heavens, this spot resembles a gap within 
the nebula. And indeed it is not uninteresting to 
notice how comparatively inefficient was Huyghi 
telescope, though it was nearly eight yards in focal 
length. A good achromatic telescope two feet long 
would reveal more than Hnyghens was able to detect 
with his unwieldy instrument. 

Dominic Cassini aoon after discovered a fourth star 
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near the three seen by HuygLens. The four form the 
celebrated tra.pszinm, an object interesting to the pos- 
aeaaors of moderately good telescopes, and which has 
also been a subject of close investigation by professed 
astronomers. Besides the four stars seen by Cassini, 
there have been found five minute stars within and 
around the trapezium. These tiny objects seem to 
shine with variable brilliancy ; for. sometimes one will 
surpass the rest, while at others it will be almost in- 
visible. 

After Cassini's discovery, pictures were made of the 
great nebnla by Picard, Le Gentil, and Messier. These 
present no features of special interest. It is as we 
approach the present time, and find the great nebula 
the centre of quite a little warfare among astronomers 
— now claimed as an ally by one party, now by their 
opponents — that we begin to attach an almost romantic 
interest to the investigation of this remarkable object. 

In the year 1811, Sir W. Herschel announced that 
he had (as he supposed) detected changes in the Orion 
nebula. The announcement appeared in connection 
with a very remarkable theory respecting nebulas gene- 
rally — Herschel's celebrated hypothesis of the conver- 
Bion of some nebulae into stars. The astronomical 
world now heard for the first time of that self-luminous 
nebulous matter, distributed in a highly attenuated 
form throughout the celestial regions, which Herschel 
looked upon as the material from which the stars have 
been originally formed. There is an allusion to this 
theory in those words of the Princess Ida ; 
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Tliere slnlo the nebuloiu nX&t we cb,U the San, 
If thut hypothf^sie of theirs be sound. 

And in the teaching of ' comely Psyche ' : 

This world wa« onoe a (luid hase of light, 
TUI toward tbe centre set tbe etarry tideB, 
And eddied into suds, that wheeling cast 
The plane IB. 

Few theories have met with a stranger fate. Received 
respectfully at first on the authority of the great astro- 
nomer who propounded it — then in the zenith of his fame 
— the theory gradually found a place in nearly all astro- 
nomical works. But, in the wordu of a distinguished 
living astronomer, ' The bold hypothesis did not receive 
tJiat confirmation from the labours of subsequent in- 
quirers which is 80 remarkable in the case of many of 
Herschel's other specuUtinjna,' It came to pass at length 
that the theory waa looked upon by nearly all Englislt 
astronomers as wholly untenable. In Germany it wag 
never abandoned, however, and a great modem discovery 
has suddenly brought it into general favour, and has in 
this, as in so many other instances, vindicated Herschel^ 
claim to be looked upon as the moat clear-sighted, a 
well as the boldest and moat original of aatronomica 
theorise rs. 

Herschel had pointed out various circnmstanoi 
which, in his opinion, justified a belief in the existent 
of a nebulous substance — fire-mist or star-mist, as 
has been termed— throughout interstellar space. Hi 
had discovered and observed several thousand nebuli 
and he considered that amongst these he could d( 
traces of progressive development. Some nebuhe wei 
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Bnpposed, comparatively njoung ; they showed no 
^s of systematic aggregation, or of central condensa- 
In some nebulae he traced the approach towards 
formation of subordinate centres of attraction ; 
) in others, again, a single centre began to be 
3ticeable. He showed the various steps by which 
iggregation of the former kind might be supposed to 
peault in the formation of star-clusters, and condensa- 
in of the latter kind into the formation of conspicuona 
igle stars . 

But it was felt that the strongest part of Herschel's 
Be lay in his reference to the great nebula of Orion, 
He pointed out that amongst all the nebulae which 
Blight be reasonably assumed to be star-systems, a cer- 
^in proportionality had always been found to exist 
Wtween the telescope which first detected a nebula and 
} which eifected its resolution into stars. And this 
was what might be expected to happen with star- 
^stems lying beyond our galactic system. But how 
different is this from what was seen in the case of the 
tfion nebula. Here is an object so brilliant as to be 
(visible to the naked eye, and which is found on exami- 
tation to cover a large region of the heavens. And 
ret the most powerful telescopes had failed to show the 
[lightest symptom of resolution. Were we to believe 
i saw here a system of suns so far off that no 
Bteleacope could exhibit the separate existence of the 
mponent luminaries, and therefore (considering merely 
jiie observed extent of the nebula, which is undoubtedly 
mt a faint indication of its real dimensions) so incon- 
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ceivably enormous in extent tliat the star-system of 
which our sun is a member shrinks into nothiognesa in 
comparison ? Surely it seemed far more reasonable to 
recognise in the Orion nebula but a portion of our 
galaxy, — a portion very vast in extent, bat far infericw 
to that ' limitless ocean of universes ' presented to as 
by the other view. 

And when Sir W. Herschel was able, as he thought, 
to point to changes taking place within the Orion 
nebula, it seemed yet more improbable that the object. 
was a star-system. 

But now telescopes more powerful than those witli 
which the elder Herschel had scanned the great nebula 
were direct«d to its examination. Sir John Herschel, 
following in bis father's footsteps, applied himself to 
the diligent survey of the marvellous nebula with 
reflecting telescope eighteen inches in aperture. He 
presented the nebula to ua aa an object of which 'the 
revelation of the ten-feet telescope was but the mere 
rudiment.' Strange outlying wisps and streamers of 
light were seen, extending far out into space. Yet 
more strange seemed the internal constitution of the 
object. So strange, indeed, did the nebula appear, ' so 
unlike what had hitherto been known of coUectiona o£ 
stars,' that Sir John Herschel considered the evidence 
afforded by its appearance aa sufficient to warrant the 
conclusion of a non-stellar substance. 

But this eminent astronomer obtained a yet better 
view of the great nebula when he transported to the 
Cape of Good Hope an instrument equal in power to. 
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that which he had applied to the northern heavens. 
In the clear skies of the soatheTn hemisphere the nehula 
shines with a splendour far surpassing that which it has 
in northern climes. It is also seen far higher above the 
horizon. Thus the drawing which Sir J. Hersche! was 
able to execute during his three years' residence at the 
Cape is among the best views of the great nebula that 
has ever been taken. But even under these favourable 
circumstances, Sir John records ' that the nebula, 
through his great reflector, showed not a symptom of 
resolution.' 

Then Laesell turned his powerful mirror, two feet in 
Lvdiam.eter, upon the unintelligible nebula. But though 
I "he was able to execute a remarkable di-awing of the 
I object, he could discern no trace of stellar constitution. 
In 1845 Lord Rosse interrogated the great nebula 
r -with his three-feet mirror. Marvellons was the com- 
Iplexity and splendour of the object revealed to him, but 
I not the trace of a star could bo seen. 

The end was not yet, however. Encouraged by the 
sacoess of the three-feet telescope, Lord Rosse com- 
menced the construction of one four times as powerful. 
. After long and persistent labours, and at a cost, it is 
■ said, of thirty thousand pounds, the great Parsonstown 
Fjeflector, with its wonderful six-feet speculum, was 
directed to the survey of the heavens. At Christmas 
1845, while the instrument was yet incomplete, and in 
unfavourable weather, the giant tube was turned 
^L^wards the Orion nebula. Professor Kichol was the 
^^prst who saw the mysterious object as pictured by the 







great mirror. Although the observation was not sqc- 
ceasfal so far as the resolution of the nebula was con- 
cerned, yet Nichol's graphic account of the telescope's 

performance is well worth reading : 

' Strongly attracted in youth by the lofty conceptions 
of Herschel [he writes], I may be apt to surround the 
incident I have to narrate with feelings in so far of a 
personal origin and interest : but, unless I greatly 
deceive myself, there are few who would view it other- 
wise than I. With an anxiety natural and profound, 
the scientific world watched the examination of Orion 
by the six-feet mirror ; for the result had either to 
confirm Herschel's hypothesiSj in so far as hnmai 
insight ever could confirm it ; or unfold among ■ 
stellar groups a variety of constitution not indicate 
by those in the neighbourhood of our galaxy. Althou^ 
Lord Rosse warned me that the circumstances of thw 
moment would not permit me to regard the decision 1 
then given as absolutely final, I went in breathleBB , 
interest to the inspection . Not yet the veriest trace of j 
a star ! Unintelligible as ever, there the nebula lay r i 
but how gorgeous its brighter parts ! How countlesB J 
those streamers branching from it on every side ! How; 
strange, especially that large horn on the north, risii^ 
in relief from the black sties like a vast cumulous cloudll 
It was thus still possible that the nebula was irresolrJ 
able by human art ; and so doubt remained. Why thi 
concuir^nce of every favourable condition is requisite fOB 
success in such inquiries may be readily comprehended 
The object in view is to discern, singly, sparklini 



points, small as the point of a needle, and close as the 
particles of a handfiil of sand ; so that it needs but the 
Bmallest nnsteadiness in the air, or imperfection in the 
shape of the reflecting surface, to scatter the light of 
each point, to merge them into each other, and present 
them as one maas.' 

Before long Lord Rosse, after regrinding the great 
inirror, obtained better views of the mysterious nebula. 
Even now, however, he could use but half the power of 
tiie telescope, yet at length the doubts of astronomers 

to the resolvability of the nebula were removed. 
' We could plainly see,' he wrote to Proftisaor Nichol, 
' that all about the trapezium was a mass of stars, the 
lyest of the nebula also abounding with stars, and ex- 
hibiting the characteristics of resolvability strongly 
taarked.' These views were a,bnndantly confirmed by 
gnbsequent observations with the gi-eat mirror. 

It will surprise many to Iea.rn that even Lord Eosse's 
great reflector is surpassed in certain respects by some of 
HiB exquisite refractors now constructed by opticians. 
Ae ft light-gatherer the mirror is, of course, unapproaeh- 
^!e by refractors. Even if it were possible to construct 
a achromatic lens six feet in diameter, yet, to prevent 
flexure, a thickness would have to be given to the glass 
which would render it almost impervious to light and 
^erefore utterly useless. But refractors have a power 
f definition not possessed by large reflectors. With a 
lefractor eight inches only in aperture, for instance, 
Mr. Dawes has obtained better views of the planets (and 
apecially of Mars) than Lord Eosse's six-feet speculum 
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would give under the most favourable circumstatit 
And in like maimer, the performance of Lord Itosse't 
telescope on the Orion nebula baa been surpasaed- 
far as resolution into discrete stars is concerned — \ig 
the exquisite defiuiiig power of the noble refractor of 
Harvard College (U.S.). By means of this instrument 
hundreds of stars have been counted within the confinw 
of the once intractable nebnla. 

It seemed, therefore, that all doubt had TaQishd 
from the subject which had so long perplexed astroaa^ 
mera. 'That was proved to be real,' Nichol wrobs^ 
' which, with conceptions of space enlarged even af 
Herschel's, we deemed mcomprehennUe.' 

Yet even at this stage of the inquiry there werj 
found minds bold enough to question whether a pe> 
fectly satisfactory solution of the great problem had 
really been attained. Nor ia it difficult, I think, to 
point out strong reasons for such doubts. I shall con- 
tent myself by naming one which has always appeared 
to me irrestBtibte. 

The Orion nebula as seen in powerful telescopes 
covers a large extent of the celestial sphere. According 
to the Padre Secchi, who observed it with the great 
Merz refractor of the observatoiy at Rome, the nebulous 
region covers a triangular space, the width of whose 
base ia some eight times, while its height is more than 
ten times as great as the moon's apparent diameter — a 
space more than fifty times greater than that covered 
by the moon. Now, I do not say that it is inconceivable 
that an outlying Htar-system, so far off aa to be irre- 



solvaMe by any but the most powerfal telescopes, should 
cover so large a space on the heavens. On the conti'ary, 
I do not believe that a galaxy resembling our own 
would be resolvable at all, unless it were go near as to 
appear much larger than the Orion nebula. I believe 
astronomers have been wholly mistaken in considering 
any of the nebula to be such systems as our own. 
There may be millions of such systems in space, but I 
am very certain no telescope we could make would 
suffice to resolve any of them. But what I do consider 
inconceivable is, that a nebula extending so widely, and 
placed (as supposed) beyond our system, should yet 
appear to cling (as the Orion nebula undoubtedly does) 
around the fixed stars seen in the same field with it. 
So strongly marked is this characteristic, that Sir John 
Herschel (who failed, apparently, to see its meaning) 
mentions amongst others no less than four stars — one of 
1 1 which is the bright middle star of the belt — ns ' involved 

1 sirong nebulosity,' while the intermediate nebulosity 
iiily just traceable. The probability that this 

irangement is accidental is so small as to be almost 
buesceDt. 

However, as I have said, English astronomers, almost 
irlthout a dissentient voice, accepted the resolution of 

ie nebula as a proof that it represents a distant star- 
system resembling our own galactic system, but far 
surpassing it in magnitude. 

The time came, however, when a new instrument, 
more telling even than the telescope, was to be directed 
upon the Orion nebula, and with very startling results. 



The apectroBcope had revealed much respecting t 
constitution of the fixed stars. We had learned that tl 
are suns resembling our own. It remained only t 
show that the Orion nebula consists of similar suns, i 
order to establish beyond all possibility of donbt t 
theories which had been bo complacently accepted. 
very different result rewarded the attempt, howei 
When Dr. Hoggins torned bis spectroecope towards tl 
great nebnla, he saw, in place of a spectrnm resemblii 
the suns, three bright linen ojdy ! A epectrnm of t 
sort indicates that the source of light is a lum 
gas, so that whatever tlie Orion nebula may be, 
most certainly not a congeries of suns resembling c 
own. 

It would be unwise bo theorise at present on a i 
suit so remarkable. Nor can we assert that I 
sjmculations have been confirmed, though his genera 
reasoning has been abundantly justified. AstronomeB 
have yet to do much before they can interpret t 
mysterious entity which adorns Orion's aword. On ever 
side, however, obsei-vations are being made which give 
promise of the solution of this and kindred difficulties. 
We have seen the light of comets analysed by tlie same- 
powerful instrument ; and we learn that the light J 
the tail and coma is similar in quality (in indicate 
gasity, though by no means indicating the same g 
to that emitted from the Orion nebula. We see, thera 
fore, that in our own solar system we have s 
of what has been revealed in external space. We knol 
that many comets belong to the solar system, and i 
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alleged that tliere la now not a particle 
of evidence that the nebula lies beyond onr galaxy. 

We need not doubt, however, the accuracy of Lord 
Rosse'a observations. More than a year before his 
death, indeed, he mentioned to Dr. Huggins ' that the 
matter of the great nebula in Orion had not been re- 
solved by his telescope. In some parts of the nebala 
he observed a large number of exceedingly minute red 
stars. These red stars, however, though apparently 
eonneded with the irresolvable material of the nebula, 
yet seemed to be distinct from it.' 

The whole subject seoma to be aa perplexing as any 
that has ever been submitted to astronomers. Time, 
towever, will doubtless nnravel the thread of the 
mystery. We may safely leave the inquiry in the 
hands of the able observers and physicists whose at- 
tention haa been for a long time directed towards it. 
And we need only note, in conclusion, that in the 
southern hemisphere there exists an object equally 
mysterious — the great nebula round t/ Argus— which 
has yielded similar results when tested with the spec- 
troscope. The examination of this mysterious nebula, 
associated with the most remarkable variable in the 
ieavens — a star which at one time shines but as a fifth 
magnitude star, and at another exceeds even the bril- 
liant Canopus in splendour — may, for aught that is 
known, throw a new light on the constitution of the 

it Orion nebula. 
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THE SVK'S THUE ATMOSPUERE. 



So much attention was directed to the solar corona 
during the diacuBsions which preceded and followed 
the eclipse of 1870, that a discovery of extreme im- 
portance — but not at all associated with the corona — 
received far less attention than it deserved. The dis- 
covery I refer to was, in fact, more important in its 
bearing on pi-oblenis of solar physics than any which 
have been made since Kirchhoff first told us how to 
interpret the solar spectrum. It was also intimately 
connected with the labours of that eminent physici^ 
I propose briefly to describe the nature of the dift- I 
covery, and then to discuss some of the resnlts to J 
which it seems to point. 

Astronomers have long seen reason to believe thi 
the sun has an atmosphere. And by the word atmOwfl 
sphere I mean something more than mere vaporous o 
gaseous masses, such as the prominences have been' I 
shown to be. A solar envelope, complete and con— -j 
tinnous as our own atmosphere, seems undoubtedly! 
suggested by the appearance which the sun's imaga« 
presents when thrown on a suitably prepared screen iua 
a darkened room ; for then the disc is seen to be'| 
shaded off continuously towards the edge, where iti| 
brilliancy is scarcely half as great as at the centr^ 
The phenomenon ia so readily seen, and so nnmis 



able, that it ia with a sense of wonder cue hears that 

Arago called it in question. To use the worda of Sir 

John Herschel, ' the fact ia bo palpable that it is a 

matter of some astonishment that it could ever fail to 

strike the most superficial observer.' And, again, not 

only the light but the heat of the outer portions of the 

I Ban's image has been estimated. In this case we do 

Bi|iot depend upon the perhaps falhble evidence of the 

l*ye, but on that of heat-measuring instruments. Fr. 

wBecchi, measuring the heat of different parts of the 

■Bolar image, has found that of the part near the centre 

fciearly double that from the borders. Lastly, photo- 

Bgraphy gives unmistakable evidence on the subject. 

■ Now, when Kirchhoff discovered the meaning of 

' the solar spectrum, it seemed clear to him that he had 

determined the nature and constitution of the solar 

atmosphere. Let us consider the nature of KirchhofTa 

► discovery. 

He found that the dark linea across the rainbow- 
inted streak forming the background {as it were) of 
ar spectrum are due to the action of absorbing 
rapours. The vapours necessarily lie outmde the source 
f that part of the sun's light which produces the rain- 
)W-tinted streak. If those vapours could be removed 
r a while, we should see a simple rainbow-riband of 
Bjight. Or if the vapours could be so heated as to be 
J less hot than the matter beneath them which pro- 
Sducea the rainbow spectrum, they would no longer 
3aDse any dark lines to appear ; but being cooler, and 
) giving out less light than they intercept, they cut 



oat the dark spaces corresponding to their special 
absorptive powers. To use ilr. Lockyers strikiiig, 
thongh perhaps not strictly poetical description of 
their action, these vapours ' gobble up tJie light on its 
way to the observer, so that it conies out with a 
balance on the wrong side of the acconnt.' Each 
vapour produces its own special set of lines, occupying 
precisely those parts of the spectrum which the vapour'g 
light would illuminate if the vapour shone alone. For 
these vapours, notwithstanding their action in inter- 
cepting or absorbing portions of the sunlight, are 
themselves in reality glowing with a light ho intense 
that the human eye could not bear to rest upon it. If 
we could examine the vapours we supposed just now 
removed from the sun, we should obtain the very lines 
of light which are wanting iu the spectrum of the 
sun. 

When Kirchhoff had recognised in this way the 
presence of absorptive vapours around the real light- 
globe of the Bun, he judged that they form the solar 
atmosphere. Because, although his mode of observa- 
tion was not such as to assure him that these vapours 
completely envelop the sun, yet the telescopic 
of the sun, and especially that darkening near the edj 
to which I have just referred, seemed to leave rooi 
for no other conclusion. But at this stage of thofl 
inquiry Kirchhoff fell into a mistake. He judged thafen 
the solar corona was the atmosphere which produced^ 
the solar dark lines, as well as the darkening of thM 
Eun's disc near the edge. The mistake is one whioh|J 
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as it seems to me, he would tave avoided tad he taken 
into account the enormous presgare at which an atmo- 
sphere so extensive as the corona would necessarily 
exist under the influence of the sun's mighty attractive 
energies. It may easily be shown that if the outer 
parts of the corona were as rare as the contents of our 
Bo-called vacuuni-tubes, or even a thoaaand times rarer, 
yet according to the laws which regulate atmospheric 
pressure, the density even at vast heights above the 
sun's surface would attain to many hundred times that 
of our heaviest gases. The pressure would, indeed, be 
Eo great that we can see no way of escaping the conclu- 
sion that, despite the enormous heat, the gases com- 
posing the imagined atmosphere would be liquefied or 
even solidified. 

When the observers of the Indian eclipse of 1868 
found that the coloured prominences are masses of 
glowing hydrogen with other gases intermixed, and 
when the prominence-spectrum was found to show the 
hydrogen lines as these appear when hydrogen exists 
at very moderate pressures, Kirchhoff's view had to be 
abandoned as altogether untenable. Wherever the 
vapours exist which produce the solar dark lines, tliey 
are undoubtedly not to be looked for in the corona. 

But there the lines are. The absorptive action is 
exerted somewhere. The question is — nitere are the 
absorptive vapours ? 
' At this stage of the inquiry a very strange view 

K ■eased by Mr. Lockyer — a view which appears 
been founded on a slight misapprehension of 



the principles of epectrum aoal^sia. He put forward 
tlie theory that the absorptive action takes place below 
the level of the aun's surface as we see it. 

But observations made by Fr. Secchi at Home pointed 
to a view so different from Mr, Lockyer's, as to lead to 
a controversy which tilled many pagea of the Comptes 
Rendm, of the Philompliicai Magazine, and of other 
publications — a controversy conducted, as too many 
philosophical discussions have been, with a somewhat 
uu philosophical acrimony. 

Pr, Secchi had noticed that when the very edge of 
the sun's disc is examined with the spectroscope, the 
dark lines disappear from the spectrum, which thus 
becomes a simple rainbow-tinted streak. He judged, 
accordingly, that the absorbing atmosphere exists above 
the sun's real surface; for he believed that just at the 
edge the bright lines corresponding to the light from 
the vapours themselves so nearly equal in intensity the 
light of the solar spectrum, that no signs of difference 
can be detected ; or, in other words, that the dark lines 
are obliterated. On the other hand, the glowing atmo- 
sphere cannot, he argued, reach much above the sun'a 
surface, since otherwise the spectroscope would shoW' 
the bright lines belonging to that atmosphere's light. 
Now, no such lines are visible. So far as the spectro- 
scopic evidence is concerned, it would appear as though 
immediately above the sun's surface, as we see it, there 
came the sierra — that low range of prominence-matter J 
which, strangely enough., some have regarded as f 
atmospheric envelope. The spectrum of the eierr 
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shows beyond all question that, like the prominences, 
this region consists of glowing hydrogen, mixed up 
with a few, and at times with several other gases, bub 
certainly not capable of accounting for the thousands 
of dark lines in the solar spectrum. It seems quite 
clear, also, that the sierra is not of the nature of an 
envelope at all. 

Over the narrow layer which Secchi supposed to 
exist between the sun's surface and the coloured sierra, 
began, and presently waxed warm, the controversy 
above referred to. Fr. Secchi was positive that he 
could see the narrow continuous spectrum on which he 
founded his view ; Mr. Lockyer was equally positive 
that the worthy father could see nothing of the kind. 
Pr. Secchi urged that his telescope was better than 
Mr. Lockyer's, and that he worked in a better atmo- 
sphere; Mr. Lockyer retorted that his spectroscope 
was better than Fr. Secchi'sj and that the imagined 
Buperiority of the Roman atmosphere was a myth. 
Something was said, too, by the London observer about 
speculum which was to decide the question, 
[ though this mirror does not seem to have been actually 
I brought into action. Both the disputants expressed 
I fall confidence that time would prove the justice of 
}■ their several views. 

ScX)n after, an observation was made by Mr. Lockyer 

which seemed to prove the justice of Fr. Secchi's 

^^ opinion j for, on a very favourable day for observations, 

^B Mr. Lockyer was able to detect, not the narrow rain- 

^Biow-tinted spectrum seen by Secchi, but a narrow strip 



of spectrum belonging; to the region jnst oateide the 
suns edge, which showed hundredB of bright lines. 
Hero seemed to be conclusive evidence of that shallow 
atmosphere of glowing vapours in which Fr. Secchi 
hiid faith. But Mr, Lockyer interpreted his observa^ 
tious differently. The pi-eaence of these vapours on 
this particular occasion he regardeil as wholly escep- 
tional, and the cause of the exception he held to be 
tlie energetic injection of vapours from beneatih the 
surface of the sun. 

At about this stage of the controversy I had occasion 
to consider the problems associated with the physical 
condition of the sun and his surroundings; and although 
I took no part in the discuasiou between Fr. Secchi and 
Mr. Lockyer, I expressed (in papers which I wrote upon 
the subject) opinions which agreed with the views of 
the Italian astronomer. It ia necessary for me to pre- 
sent in this place my own reasoning on the question at 
issue, because it not only serves to introduce the special 
observation made last December, by which the problem 
Las be«n finally solved, but also presents certain con- 
siderations which must be attended to in interpreting * 
that observation. 

In the first place, I noted that the darkening of the 
sun's disc near the edge, or rather the marked natora 
of that darkening, instead of showing (as had been so 
often stated) that the sun had a very deep atmosphere; 
proves on the contrary that his atmosphere must he \ 
exceedingly shallow by comparison with the dimen-j 
siona of hia globe. It is easy to show why this ia : aai j 
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although the considerations on which the matter de- 
pends are exceedingly simple, yet the case is by no 
means the first in which exceedingly simple considera- 
tions have been lost sight of by students of science. 
Suppose we have a brightly- white globe encased sym- 
metrically within a glube of some imperfectly trans- 
parent substance — as green glass. Now, if the white 
globe is an inch in diameter and the green glass globe 
a yard in diameter, the brightness of the white globe 
will be more or less impaired according to the trans- 
parency of the glass ; bni it will not be much more 
impaired at the edge of the inner globe's 'disc than 
near the middle. For clearly, when we look at the 
middle, we look through a foot and a half of glass 
(wanting only half an inch), and when we look at the 
edge of the inner globe's disc, we also look through a 
foot and a half of glass (wanting only a small fraction 
I inch). Neither the half inch in the one case, 
I nor the small fraction of an inch in the other, can 
I make any appreciable difference ; ao that the enclosing 
L globe of glass cuts off as much light when we look at 
I the centre of the inner globe'a disc as when we look at 
I the edge. Bat now suppose that the enclosing globe 
s a mere shell around the inner one. Suppose, for 
f instance, that the inner globe is a yard in diameter 
and the shell of glass only half an inch thick. Then 
in this case, as in the former, the brightness of the 
^^ inner globe will be more or less impaired according to 
^K' the transparency of the glass ; but it will no longer be 
^Hi'affected equally whether we look at the middle or at 
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tin* tdge of the inner globe's disc. In the former 
w« only look through half an inch of glass, in the lal 
vfc look through a much greater range of glass ; as 
reader will see at once if he draw two concentric 
nearly equal in size to represent the inner globe ai 
its enclosing shell. It is easy to calculate how loi 
the range of glass actually is in the latter case. I hai 
just gone through the calculation, and find that wh( 
the eye is directed to tlie edge of the enclosed glol 
its line of sight passes through rather more than four 
inches and a quarter, so tiiat more than eight timee w 
much light is absorbed as in the case where the eya 
looks at the middle of the inner globe's disc, or directlyi 
through half an inch of glass. 

Now we cannot tell what proportion holds in the 
case of the sun's disc, because we do not know how 
much light has been absorbed where we look at the 
middle of the disc. All we know is that whatever re- 
mains after such absorpfion is about twice aa much as 
we receive from near the edge of the disc. It is easily 
seen that this knowledge is insufficient for our require- 
ments. But there can be no question whatever that 
the total absorption near the edge exceeds many times 
that near the middle of the disc; and on very reason- 
able assumptions as to this excess, it may readily be 
shown that the absorbing atmosphere cannot exceed 
some five or six hundred miles in depth. Probably it 
is even shallower. 

Now, there is a circumstance which perfectly ac- 
counts for the non-recognition by spectroscopista of 
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an atmosphere relatively bo shallow as this. Let it be 
remembered, in passing, that the average height of the 
sierra may be set at about five thousand miles ; so tliat 
the atmosphere we are dealing with would be at the 
outside but one-fifth as high as that fine rim of red 
light with saw-libe edge which astronomers detected 
around the eclipsed aim in the total eclipses of 1842, 
1851, and 1860. Still it might be thought that 
patience only would be needed to detect the signs of 
such an atmosphere, shallow though it be. But there 
is a peculiarity of telescopic observation which renders 
the recognition of such an atmosphere, if of leas than a 
certain depth, not difficult merely, but impossible. It 
may be well to exhibit the nature of the peculiarity at 
length, because it is of considerable interest to all who 
possesB or use telescopes. I take an illustrative case 
which seems, at first, to have little connection with my 



I 



Every reader of this wort has heard of the double 
stars, and I dare say most of those who read this par- 
ticular article have seen many of these beautiful objects. 
It is known that some double stars are much closer 
than others, and we commonly hear it mentioned as a 
proof of the excellence of a telescope that it will divide 
such and such a double star. But it might seem that 
if a telescope of a certain size were constructed with 
extreme care, it should be capable of dividing an;/ 
double star ; because we might use an eye-piece of any 
^^L jnagnifying power we pleased, and so, as it were, force 
^^& apart the two star-images formed by the object-glass. 
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Instead of this being the case, however, there is a limit 
for every object-glnss beyond which no ecpamtion is 
possible; for this reason, simply, that the star-images 

formed by the object-glosa are not points of light, as 
they would be if they correctly represented the stars of 
which they are tlie optical images. The larger the 
object^lass (assumed to be perfect in constraction) the 
smaller is the star-image ; ' but it has always a definite 
size, and if this size is Boch that the two images of 
the stars forming a pair actually toncb or overlap, we 
cannot separate them by nsing highly magnifying 
eye-pieces. 

Now, what is true of a star is true of every point of d 
any object we examine with a telescope. The ] 
of the point is always a circle of light, which, though.' I 
minute, has not appreciable dimensions. The imagsX 
of the object is made up of all these circles, whidtJ 
necessarily overlap. Nor let the reader suppose I 
on this account telescopic observation is untrostworthiH 
Precisely the same peculiarity alfects ordinary visioii 
There is no such thing as a perfect optical image of a 
object ; though neither eyesight nor telescopic visiot 
need be regarded as deceptive on this account. Old 
power of seeing minnte details is limited by thji 
peculiarity, but we are not actually deceived. IfJ 

> A ciuioaa illuBtration ot this is ^ven by the fact that a a 
astronomer (if old, having reduced thti aperture of his teluttope % 
amerupin-hole, ftnoounced thathe waa (bus enabled to meaflnre tl 
teal globes of the stars, for, instead of seeing the stars throagh li 
telescope se minute poiuta of light, he now saw them with discs im 
tbe planets. He thought hewas improving tbe deflningqua 
his telescope, instead of altogetbet destroying tbem. 
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V microscopic writing be shown ne, for instance, we may 
■ find oorselvea, after poring over it for some time, 
Lnnable to mate out its meaning, tlie letters seeming 
Lall blended together; but we know what our failure 
I really means, and do not fall into the mistake of 
I concluding that there are no details because the actual 
[. details are inscrutable. 

Let us appiy this consideration to the sun, and more 
L particularly to the appearance presented by the edge 
L of the sun's disc. The image of every point of this 
L edge is a small circle ; the combination of all these 
I small circles most produce a ring of light all round 
the true outline of the disc. If the sun's atmosphere 
did not reach beyond this ring, then no contrivance 
whatever could render the atmosphere discernible, let 
the telescope be ever so perfect and the observer 
ever so clear-sighted or sldlful. Now, the actual ex- 
tension of this ring will be greater or leas accordiag as 
the object-glass of the telescope is less or greater. It 
may readily be shown that neither Mr, Lockjer's tele- 
scope nor Fr. Secchi's could possibly show any sigiis of 
a solar atmosphere under two hundred miles in depth, 
while in all probability an atmosphere four or five 
times as deep would escape their scrutiny. 

Are we then to remain altogether id ignorance of 
, Buch an atmosphere, supposing that it actually exists, 
p and that the dark lines in the solar spectrum are due 
I to its absorptive power ? Is there no way of obviating 
I the difficulty which has just been dealt with ? 

So far as the method of observing the sun when 



unecUpsed is concerned, the answer to these qaeations 
must be negative ; or, rather, it mnst be answered that 
our only hope of meeting tlie difficulty consists in 
increasing the size of the telescopes with which the 
Bun is spectroscopically studied. And inasmuch as Dr. 
Huggins is preparing to apply the powers of a much 
larger telescope than either Mr. Lockyer's or Fr. 
Secchi'n, we may possibly still hope to hear that the 
relatively shallow atmosphere can be studied when 
the sun is not eclipsed. For we may now speak of 
the existence of this atmosphere as a demonstrated 
fact. The difficulty which seemed to present insuper- 
able obstacles to the observers who study the uneclipsed 
sun has been overcome by the ingenuity of one of the 
most skilful of those very observers — Professor Young, 
of America — when studying the solar eclipse of last 
December. 

If, daring any total eclipse of the sun, the moon juet 
concealed the whole of the sun's disc (as may well 
happen), and if onr satellite were only complaisant 
enough to stay still for a few minutes in such a posi- 
tion, 80 that one of these exact total ecUpsea could be 
studied aa readily aa one of greater extent (which never 
can happen), then the shallow atmosphere I have been 
speaking of could bo recognised. The difficulty above 
considered would no longer esist. For the ring of 
light which actually hides the shallow atmosphere 
when the sun is not eclipsed, is an extension of the 
bright rim of the disc outwards : if the disc is t 
pletely hidden, there ia no bright rim to be extended j 
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But then, unfortnnafcely, no total eclipse can present 
these desirable featnrea. If a total eclipse is to be 
worth seeing at all, the moon's disc as seen at the time 
most be appreciably larger than the sun's. When 
totality begins the outlines of the two discs just touch 
at a single point, and when totality ends the two discs 
just touch at another point ; but daring all the rest of 
the totality the two ontlines do not touch at all, that 
of the moon surrounding without touching that of the 
sun. The outlines of the two discs do twice touch, 

t however, in each case for one raomeut and at one point. 
What Professor Young determined to do, therefore, was 
to bring under special examination that one point 
where the outlines touch at the exact moment when 
totality begins. In other words, he directed his special 
attention to the point where the last trace of the sun's 
disc was about to disappear. It is perhaps scarcely 
necessary to say that he did not trust to the powers of 
his telescope, but that he employed a powerful spec- 
titoscope. And further, he did not depend on hia own 
observations alone, but had adjusted a spectroscope for 
of Mr. Pye, an English gentleman residing in 
lithe part of Spain where the eclipse-observing parties 
were stationed, so that that gentleman also might make 
the required observations. 

In hia account. Professor Young does not mention 

I what he expected to see. It is probable that he had 
in his thoughts the observations of "Fr. Secchi, and 
L 
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hoped to obtain evidence respecting that shallow 
atmospheric envelope which Secchi believed in and 
Lockjer rejected ; though it ia quite possible he merely 
desired to ascertain whether the constitution of the 
lower part of the sierra differed in any marked respect 
from that of the upper portion. As the moment 
approached when the laat fine sickle of sunlight was to 
be obscured, the solar spectrum which was visible in 
the spectroscopic field of view grew rapidly fainter. 
The region actually examined by Professor Young WM | 
in reality a nan'ow, almost linear space, touching iHtoM 
edge of the sun's disc ; so that before totality had com-^ 
menced he had the light from our own illummated 
atmosphere, and not direct sunlight, to deal with. 
Thus he had just such a solar spectrum as is seen when 
a spectroscope is directed to the sky in the daytime. 
But as the moment of totality drew near, the illumina- 
tion of the atmosphere, and with it the brightness of 
the rainbow-tinted streak, rapidly diminished. At last 
the solar spectrum vanished; and then — What was it 
replaced by ? What was found to be the spectrum of 
the solar atmosphere close by the sun's surface ? In 
place of the rainbow-tinted riband crossed by thousands 
and thousands of dark lines, there appeared a new and 
most beautiful spectrum — a riband of rainhow-tinied 
lines, thousands in number and of all degrees of thick- 
ness, — hundreds of red lines, and theu, in order, hun- 
dreds of orange lines, hundreds of yellow, green, indigo, 
and violet Hnes, like coloured cross-ti] reads on a black 
riband, only infinitely more beautiful. A charming 
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spectacle, truly, but so short-lived that no man can 
ever hope, though he lived to four-score years and ten, 
to let his eyes rest in all his life for more than ten or 
twelve seconds on the beautiful array of coloured lines 
which two men only have aa yet beheld. We may in- 
crease the dimensions and power of our telescopes until 
the existence of these lines can be recognised without 
the aid of eclipse- darkness, hut the lines can never be 
seen, save during eclipse, as Young and his colleague 
saw them in December 1870, And these observers tell 
ns that in a second or two the lines vanished, the ad- 
vancing moon hiding the shallow solar atmosphere. If 
it should ever be given to any man to aee six total 
eclipses (which has never yet happened to any), and to 
successfully apply in each instance the method em- 
ployed by Professor Young, then in all, during hia life, 
that man would have seen the beautiful line-apectrum 
to perfection for some ten or twelve seconds ; but not 
otherwise can even so long a total period of observation 
be secured. No single observer, then, can hope to 
leam much about the thousands of lines which have 
still to be mapped duiing eclipse opportunities. 

But now let na consider the import of the observa- 
itioD. What are these myriads of coloured lines ? 
Every dark line of the solar spectrum, says Professor 
Young, seemed to have its representative in this 
bright-line spectrum. Many of the groups of lines 
which had flashed so quickly into view and endured 
but so brief a period were familiar to him ; in other 
words, hia study of the solar spectrum had made him 
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conversant vrith the corresponding groups of dark lines. 
It follows, then, beyond all possibility of question, that 
the source of light wns a highly complex atmosphere, 
formed of those very vapours which, by their absorptive 
power, produce the dark lines — formed, that is, of the 
vft]x>urs of iron and of copper, of zinc, eodium, magne- 
sium, and of all those elements whose presence in the 
Hun's substance had been inferred from the study of 
the solar spectrum. 

Here, then, at len^h we have the true solar atmo- 
sphere, an atmosphere of a highly complex nature, and 
doubtless exceedingly dense near the visible surface of 
the sun, because subject to a pressure so enormous. 
The upper limit of this atmosphere cannot lie veiy far 
above the sun's surface, at least not very far compared 
with the sun's dimensions. Supposing the actual time 
during which the line-spectrum was visible to have been 
two seconds, then it ia easy to tell how deep the atmo- 
sphere is. For in two seconds the moon must have 
traversed a apace corresponding to about thi'ee hun- 
dred miles at the sun's distance. Au atmosphere three 
hundred miles deep is, therefore, indicated by Pro- 
fessor Young's observations. It need hardly be said, 
however, that in the excitement of eclipse observation, 
the estimate of minute intervals of time can scarcely 
be relied upon, unless checked by instrumental arrange- 
ments, which was not the case in the present instance. 
We may fairly conclude that the depth of the solar 
atmosphere lies between some such limits as a hundred 
miles and five hundred miles. 
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H In the above estimate, I have supposed the measure- 

Kpient to be made from the sun's visible surface. But 

■it is veiy unlikely that that surface is the true lower 

Blimit of the atmospbere. It seems far more probable 

Kthat the surface we see is merely a layer of clouds (as 

Kfiir William Herschel suggested so long ago) in the 

■ Kjlar atmosphere, and that the actual depth of the 

I atmosphere is more truly indicated by the appearances 

I Been when large sun-fipots are examined. That these 

Igpota are cavities has been abundantly established. 

I That they are openings through layers of solar clouds 

■.has not been indeed demonstrated, yet it is difficult to 

peonceive how they can otherwise be interpreted. Aa 

Kto the way in which the spots are formed, theorists are 

at issue, some urging that there is an uprush from 

depths beneath the solar surface ; others, that there is 

a downrush of matter from without. But neither of 

these views is in any way incompatible with Herschel's 

theory, that the spots are openings in solar cloud- 

_ layers. 

We might thus be led to compare the solar atmo- 
iphere with our own, though it will of coarse be 
^bvious that there are many marked points of differ- 
()ence. But in our own atmosphere we have at least 
wo distinct cloud-levels, the region, namely, where the 
mm/ulus or wool-pack clouds are formed, and that 
I the cimis or feathery clouds make their ap- 
lere is air above the cirrus clouds, air be- 
e CUTUS and cumulus layers, and air between 
2ie cumulus clouds and the earth. And precisely in 
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the same way we may conceive that there exists at all 
times a solar atinoepheric region beneath as well as 
above the cloud-layer which forms the son's visible 
surface, and beneath and between the other cloud- 
layers revealed by telescopic observations. 

But passing from the very difficult question sug- 
gested by the consideration of regions below the sun's 
visible surface, let us discuss briefly the bearing of 
Professor Young's discovery upon our views respecting 
those outer regions^the coloured prominences and 
sierra, the corona itself, and, in fine, all the portions 
of space which lie above the true atmosphere. 

In the first place, it seems to me that the discovery 
disposes finally of the theory that the coloured gierra, 
is an atmospheric envelope, properly so-called, I had 
long since been led to question whether the sierra could 
be BO regarded. Let me remind the reader that the 
sierra is nothing more nor less than the region which 
Lockyer rediscovered in 1868. It had, in fact, been 
recognised by teles copists since 1S06, the name sierra 
having been given to it by the observers of the eclipse 
of 1842. It ia a red region, having (aa its name implies) 
a serrated upper surface, as seen in the telescope, and 
seemingly extending all round the sun's disc. The red 
prominences appear to spring from its upper surface. 
Strangely enough, when Lockyer made his ingenious 
observations of the coloured prominences, he had not 
heard of this discovery, or had forgotten it. Accord- 
ingly, finding traces of prominence-matter all round the 
sun, he concluded that there was a continuona envelope 



TSE SUySTSUB ATMOSPSESE 



P hydrogen (mixed with some other gasea) surroiind- 
the whole of the sun's globe. It waa probably 
through being misled by this supposition that he gave 
to the sierra a new name — entitling it the chroma- 

Iapkere — -announcing at the same time that its upper 
Bnrface was smooth in ontline. Respighi, the eminent 
Italian spectroacopist — -also working, it would seem, 
in ignorance or forgetfnlness of the prior recognition 
of the layer — announced presently that the upper 
surface of the so-called chromosphere ' was altogether 
irregular — more irregular, in fact, than the surface of 
laed sea. On re-examining the sierra, 
I Mr. Lockyer found this to be the case. But perhaps 
I the most striking evidence as to the real aspect of thn 
I nerra was afforded during the eclipse of last December, 
I vhen Ft. Secchi, towards the close of totality, saw 
^.around the western half of the moon's disc a complete 
Kmicircle of sierra, and noted that this beautiful 
jolonred crescent was formed of multitudes of minute 

' It affords strange evidence of the caution with which new names 
should he snggeated, that this muoe, embod jing, aa we see, an eironeona 
theory, and nJao perpatuatiDg the reraembTance of a mistaken claim, Is 
Msarcel; ;et beginning to fall into disn se. Perhaps its Oreelc origin and 
its length may have scjraething to do with this ; for although astronomy 
— at least descriptive astronom j — list hitherto not been disflgurod by 
the hideons nomenclatore which botaniata and geologisls seem to 
rejoice in, yet there is alwajs a large class o! science students who 
delight in seaqnipedal names, as giviag an air of profonditj to their 
diBconrae. It may even be dangeroos to hint that the tme form ot 
the oomponnd for a enlmir-'phere is not chrovw-iphere, bnt ehmmata- 
tpbere, since the eitra syllable will multiply tenfold the favour with 
jrhich Iho compound is accepted. When will tyros leain that the 

> Piojicit ampnllas et seaqnipedalia verba t ' 
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prominences. This ^rees very satisfactorily with my 
own anticipatory description of the probable nature of 
the sierra, when I suggested that the sun's surface is 
probably ' covered at all times with small prominences, 
bearing somewhat the same relation to the gigantic 
" horns " and " boomerangs " seen during eclipses that 
the bushea covering certain forest regions bear to the 
trees.' 

But the larger prominences have been shown by 
Zollner and Respighi to be phenomena of eruption. 
They are masses of glowing gas, which have been flung 
from great depths beneath the visible surface of the 
sun. May we not conclude that the smaller prominences 
which constitute the sierra are of like nature ? that they 
also have been flung from beneath tha sun's visible sur- 
face ? As respects the larger prominences we can have 
no manner of doubt, because they have been seen to be 
flung out in eruptive sort. And this refers to all orders 
of prominences, except only those very numerous and 
relatively very small prominences which crowd together 
so as to form the seemingly continuous coloured sierra. 
These cannot be watched as the others have been. But 
it seems highly probable that those among them which 
are not the remains of Loftier prominences are, like 
their larger fellows, phenomena of eruption. 

Again, as respects the corona, all the evidence we 
have is opposed to the conception that the phenomenon 
is atmospheric. It shows two regions, which, though 
not separated by well-defined limits from each other, 
may yet be regarded as, in a sense, distinct. There ia 
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an inner and brighter portion, wliich the sesquipedalians 
have proposed to call the leitcosphere, — apparently on 
the liiciis a non luceiidu principle, for it is neither 
whits nor spherical. And there is the outer portion, 
much less brilliant, and much more strikingly radiated. 
Neither one part nor the other presents a single feature 
fiuggeative of an atmospheric nature ; ' and the cer- 
tainty thnt the two portions belong to a single object 
affords yet more conclusive evidence against this in- 
terpretation of the corona. But the rays of the corona 
are of a somewhat remarkable nature. When well seen, 
OB during the eclipse of 1868, they are pointed; and 
even during so unfavourable an eclipse as that of 
December last, the dark spaces between the rays are 
Been to widen rapidly with increased distance from the 
Ban, These pointed radiations serve to show that 
coronal rays must be, in reality, shaped somewhat as 
cones, having their bases towards the sun. The idea 
is startling enough, but, admitting the accuracy of the 
pictures made during well-seen eclipses, and of the 
Astronomer-Royal's account of the corona during the 
eclipses of 1851 and 1860, there is no escape from 
conclusion here stated. It is not more certain that 
the snn is a globe, and not a fiat disc as he seems to 
t)e, than that the coronal radiations are not flat pointed 
rays, but cone-shaped. Yet no one will suppose that 
are a number of monstrous cone-shaped masses 

am here referring to the possibility that tlie corona rasy be due 
G species of solax atmosphere. The theory that the corona is 
light in onr own atmoEphere Iibm now at length been delinitelj' 
mod bj all a 



— atmospheric or otherwise — standing, as it were, upon 
tlie Bon'a surface. I can see no other way of accoanting 
for these conical extensions than by regarding them as 
phenomena indicating eome form of repulsive action 
exerted by the sun. 

But whatever opinion we may form on this and 
kindred problems, it seems clear that we must regard 
the envelope discovered by Professor Young as the 
only tcne solar atmosphere ; and a very strange and 
complex atmosphere it is. Nothing yet learned i 
epecting the sun's surroaodings surpasses in interest 
this fiery envelope, in which some of the most familiar 
of our metals appear as glowing vapours. If anythin 
could add to the interest attaching to the coloured pro- 
uiinences and sierra, it is the fact now revealed that 
they are propelled through this wonderful envelo 
over which they float for a while with strangely chang- 
ing figure. Truly the study of solar physics, which 
tiventy years ago seemed at a stand-still, is advancing 
with rapid strides ; and it seems scarcely possible to 
exaggerate the interest either of what has been already 
revealed, or of the discoveries which are likely to be 
effected during the approaching eclipse. 

From the St. Faiil't Ma^aHne for May 1871. 
Addendum. — Doubts were urged, for some time afbef- 
this paper appeared, as to the reality of Young's dis- 
covery. But during the total eclipse of December 

1871, and yet again daring the annular eclipse of 

1872, decisive evidence was obtained in its favour, an^ 
it is now received by all. 
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SOMETHING WRONG WITS THE SITN. 

■When we consider tlie intense heat wliich has prevailed 
in Enrope during Jaly 1872, and the circamstance that 
in America alao the heat has been exceaaive, insomuch 
that in New York the numher of deaths during the 
weak ending July 6 was three times greater than the 
average, we are naturally led to the conclusion that 
the sun himself is giving out more beat than usual. 
Though not endorsing such an opinion, which, indeed, 

t warranted by the facts, since terrestrial causes 
are quite sufBcient to explain the recent unusual heats, 
we cannot refrain from noting, as at least a curious 
coincidence, that at the very time when the heat has 
been bo great, the great centra! luminary of the solar 
system has been the scene of a very remarkable dis- 
turbance — an event, in fact, altogether unlike any which 
SBtronomers have hitherto observed. 

Certain Italian spectroscopists — Respighi, Secchi, 
Tacchini, and others^have set themselves the task of 
keeping a continual watch upon the chromatosphere. 
They draw pictures of it, and of the mighty coloured 
■prominences which are from time to time upreared out 

ir through, the chromatospheric envelope. They 
note the vapours which are present, as well as what 
can be learned of the heat at which these vapours exist, 
their pressure, their nate of motion, and other like 



circumBtanccs, It was while engaged in some of the 
more difficnlt and delicate of these tasks that Tacchini 
noticed the strange occurrence now to be described. 

' I have observed a phenomenon,' he says, ' which 
is altogether new in the whole aeries of ray observations. 
Since -May 6, I had found certain regions in the Bun 
remarkable for the presence of magnesiam.' Some of 
these extended half-way round the sun. This state of 
things continued, the extension of these magnesium 
regions gradually growing greater, until at length, ' on 
June 18,' says Tacchini, 'I was able to recognise the 
presence of magnesium quite round the sun — that ia 
to say, the chromatosphere was completely invaded by I 
the vapour of this metal, Thia ebullition was accom- 
panied by an absence of the coloured prominences, 
while, on the contrary, the flames of the chromato- 
sphere were very marked and brilliant. It seemed to 
me as though I could see the surface of onr great 
source of light renewing itaelf.' "While this was going 
on Tacchini noticed (as had frequently happened before 
in his experience) that the bright streaks on the sun 
which are called faculie were particularly brilliant close 
to those parts of the edge of the disc where the flames 
of the chromatosphere were moat splendid and charac- 
teristic. The granulations also, which the astronomer 
can recognise all over the sun, when a large telescope if 
employed, were unnsually distinct, 

Tacchini concludes (and the inference seems just) 
that there had not been a. number of local eruptions of 
m^nesium vapour, but complete expulsions. Only 
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we would venture to sobatitute for the word ' expul- 
sion ' the expression ' ontflow ' or ' upriaing;,' since it 
may well be that these vapours rise by a quiet process 
resembling evaporation, and not by any a<;tion so violent 
that it could properly be regarded aa expulsive. 

In whatever way, however, the glowing vapour of 
magnesium thus streamed into the envelope of the 
ann, it would seem that the aspect of our luminary was 
modified by the process — uot indeed in a very striking 
manner, or our observers in England would have 
noticed the change, yet appreciably. ' More than one 
person,' says Tacchini, 'has told me that the light of 
iie sun has not at present its ordinary aspect ; and at 
she Observatory we have judged that we might make 
|3lq same remark. The change must be attributed to 
lagnesium.' 

It is impossible to considei" attentively the remark- 
nble occurrence recoi-ded by Tacchiui without being 
•nek by the evidence which it affords of solar miita- 
fcility. We know that during thousands of years our 
has poured forth hia light and heat upon the 
worlds which circle around him, and that there has 
1 no marked iutermittence of the supply. "VV^ liear, 
indeed, of occasions when tho sun has been darkened 
while ; and we have abundant reasons for be- 
jiieving that he has at times been so spot-covered that 
ihere has been a notable diminution of the supply of 
■light and heat for several days together. Yet we have 
[bad no reasons for anticipating that our sun might 
I permanently lose so much of his heat and lustre that 



the inhabitanta of earth would Buffer. Tacchini's ( 

eervation remmda ns, however, that processes are i 
work upon the sun which admit of being checked « 
increased, interrupted altogether or exaggerated 
violently, that the whole aapect of the Bun, his ( 
tion as the fire and lamp of the planetary system, j 
be Berionaly affected. 

If we only remember that onr sun is one of tl^ 
stara, not in any way distinguished, unless perhaps 1 
relative insignificance, from the greater number of t 
stars which illuminate our skies at night or are n 
by the telescope, we shall learn to recognise the posa 
bility that he may undergo marked changes, 
are stars which after shining with apparent steadinee 
for thousands of years (possibly for millions of yes 
before astronomy was thought of), have become e 
denly much reduced in brightness, or after a i 
flickerings (as it were) have gone out alt 
There are others which have shone with equal steadi-B 
ness, and have then suddenly blazed out for a whil&J 
with a lustre exceeding a hundredfold that which they.l 
formerly possessed. It would be equally unpleasant! 
for ourselves whether the sun suddenly lost the be 
part of his light, and presently went out altogether, > 
whether he suddenly grew fiffcyfold brighter and hottw J 
than he now is. Yet in the present position of sidereal*! 
astronomy it is quite impossible to assert confidently! 
that one event or the other might not take place at any* 
time. 

Fortunately, we may view this matter (just ; 
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ptronomers have learned to view the prospecfc of mia- 
bievoua colUaionB with comets) as a qnestion of pro- 

l^biHties. Among so many thousands of atare there 

\kvb been so many sudden outbursts of light and fire, 
9 many sudden defalcations of splendour. Our enn is 

me of those thousands, and so far as we know takes his 

ihanee with the rest. 

From the Sjieetatnr for August 1872. 



THE SUNS SUMSOUNDINGS. 



Observations during the eclipse of July 1878, con- 
idered in connection with recently acquired knowledge 
respecting meteor systems, open before us a new and 
very interesting page of the book of nature. It re- 
mains still to be read, and many years will be required 
for its thorough study, but even now we can recognise 
the general character of its contents. We refer to the 
rtecognition by Professors Newcomb and Langley of an 
tension of faint luminosity to a distance of about 
. on either aide of the sun. Other observers also 
either as great an extension of corona! 
minosity or such peculiarities of shape in the lu- 
region around the snu as show that under 
ightly more favourable conditions they would 1 

t Newcomb a 

ition of astro- 
m'^tSMUC systems, 
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to re-examine the important series of observations r 
during the last eclipse. 

Hitherto in eclipse observations no luminons ap- 
pearances have been satisfactorily recognised at ft 
greuter distAUce from the sun than perhaps about two 
of his own diameterti, or some one and a quarter million 
of miles. Unqueatiouably rays have been traced to s 
greater distance which conid not possibly be regarded 
as cither than solar appendageSr including under that 
name all phenomena, whether coronal, zodiacal, cometic,. 
or meteoric, which have relation to the sun, as distin- 
guished from luminous appearances having their origia 
in regions not fartlier away than the moon. Any long 
ray extending from the eclipsed sun and visible in a 
constant position during totality must of necessity bs; 
due to a solar appenda^. Such rays have been 
deed referred to matter nearer than the moon ; Mid 
our own air most certainly could not explain them ({be 
not a particle of our own air within 6 or 7 deg. of the 
eclipsed sun is in sunlight at mid-totality), scattered 
particles of matter travelling between the earth and 
the raoon have beeu imagined in explanation of these 
long rays. An ingenious experiment was devised in 
illustration of this theory. If an irregular plug be 
inserted into a round hole (or a round plug into an 
irregular hole) in the abutter of a darkened room in 
such sort that the sun's light enters the room through 
the interstices, appearances very much resembling these 
long rays will be seen where the solar rays fall on the 
dust-laden air of the room. In this experiment the plug 



ipresents the moon, the sun is himself (as Launce 
would have said), and tho air in the room represents 
the cis-luuar matter of the theory. But those who have 
adopted the theory and accepted this ingenious illus- 
tration appear not to have observed a trifling distinction 
between the circumstances of an eclipse and those of 
the suggested illustration. The shutter is a rather 
necessary adjunct to the experiment. If the aua's rays 
only pass in through small interstices to illuminate the 
air in the room, the radiating streaks are observed ; 
bnt if they fall freely into the room (save where a 
small opaque disc is suspended in the window to 
represent the moon), no such rays can be seen. Now 
in the eclipse the plag is represented well enough by 
the moon, but the shutter is omitted. The omission is 
somewhat important. To say truth, no one (certainly 
no mathematician) who takea fully into account the 
actual circumstances of a total eclipse of the sun can 
fail to perceive that a long ray seen in an unchanged 
position during the whole continuance of totai eclipse 
must certainly belong to regions far beyond the body 
of the moon. Now since such rays have been seen on 
several occasions, we have in one sense satisfactory 
evidence of the existence of solar appendages outside 
the corona. 

But it has been held that until such rays have 
been seen and identified by at least two observers on 
the same occasion, they must not be treated as scientific 

Eties, however certain the individual observers of 
teaturea may have been that their descriptions 
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were exact. It had so happenpd that evidence of this 
kind bad not hitherto been obtained. Different ob- 
servers had seen long rays on the same occasion, but 
their accounts differed widely. Often, indeed, it seemed 
impossible to believe that the same rays had been ob^ 
served. From what we have since learned, however,i 
respecting the corona itself, we perceive that in the 
excitement of an eclipse observers are capable of thfl 
wildest errors of description and delineation. Unt3 
' the retina which never forgets ' had viewed the corona, 
it was objected that an object which different observer 
saw under entirely different aspects conld not possiUy 
be a real solar appendage ; bnt photography has ahowB 
that the discrepancies were due to inexact observation 
They were found to have no existence in the coroM 
itself as photographed from widely separated stationa 
If photographs of the long rays conld have been ob- 
tained, the discrepancies in their case would doubtlesf 
have been removed in like manner. But. unfort.unately, 
the lustre of these long rays is exceedingly faint, and 
hitherto they have not been shown in any photogra|di 
of an eclipse. Hereafter greater success may be ( 
tained in this direction, possibly by doing what v 
strongly urged long before the late eclipse — devoting; 
namely, the whole duration of totality to obtain Offl 
really effective photograph. There ia no longer titt 
slightest advantage to be obtained from taJring sever* 
photographs, for the doubt which formerly rendered*, 
that conrse necessary (the suspicion that the corona 
changes during totality) is no longer entertained. For 
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Sib present, however, we have only drawings or descrip- 
tions to deal with. It is the distinctive feature of the 
observations made in July 1878, that these drawings 
and descriptiona show moat satisfactory accordance. 
We propose to consider a few of them, taking first those 
which give to the rays or luminous projections their 
least extension. 

In the first place, we take a drawing by Mr, J. N. 
Lockjer. In this drawing the black body of the moon 
is shown surrounded by a narrow ring of light, the 
inner corona. Outside the ring are three projections, 
nearly in the ecliptic. (It is important to notice this, 
for the axis of the zodiacal light is at all times nearly 
in the ecliptic.) On the eastern, side there is one pro- 
jection, shaped like a long isosceles triangle, the base Of 
which is on the moon's edge. On the wt^stern side are 
two nearly equal projections, bearing somewhat the 
..B&me relation to the single eastern one that the two 
li sides of the tail of a wind-vane bear to the pointed 
' head. The three projections are not very uneqaal in 
length, the longest extending about 1;^ diameter, or 
about two-thirda of a degree, from the sun's edge. This 
would correspond to rather more than 1,000,000 miles. 
The resemblance to a wind-vane, says Mr. Lockyer, 
' was almost perfect, (the corona) being pointed at one 
end, and bounded by parallel edges at the other : ' 
'others,' he adds, 'saw a resemblance to a fish's tail,' 
The breadth of the wind-vane in his picture is about 
three-fonrtha of the sun's diameter. It is worthy of 
notice that in the telescope the streamers vanished 
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utterly, ' Not a shred of them was left..' This sht 
the extreme faintness of their light: the slight a! 
sorption of light by the glass of the telescope (i 
3J-inch Cook) sufHced entirely to obliterate th( 
delicate solar appendages. 

Genera] Myer, the head of the Army Signal S« 
and commonly known in America as ' Old Probabilities,' 
because the weather forecasts daily pnblished appear 
under that heading (without the adjective), saw the 
corona from the summit of Pike's Peak, 14,200 feet 
above the Bea level. He described the corona as show- 
ing 6vB radial lines of a golden colour, beyond whicK 
ill the direction of the ecliptic ' were prolonged brighii 
silver rays.' This was seen only with the naked eye., 
'In the telescope the appearance was quite different, 
a layer close to the sun only, of a light pink colonr, 
seen ; the long bright silver rays bad disappeared.' 
is worthy of notice that General Myer had on a former 
occasion seen the long coronal rays in circumstances 
almost aa favourable. He watched the progress of the 
eclipse of 1869 from the summit of White Top Moan- 
tain, near Abingdon, Virginia, 5,530 feet above the sea 
level. On that occasion he saw in the telescope only 
an aureola of clear, yellowish, bright light, closely 
rounding the moon's disc, and fading gradnally into 
the tint of the darkened aky, ' with a slight tinge 
pinkish green' (a colour almost as difficult to imagi 
as the ' gria rouge ' mentioned in MoliBre's L'Avar^^ 
But to the unaided eye the eclipse presented ' a v 
magnificent beyond description.' Around the full 
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Sitensely black disc of the moon there was an aureola 

of a soft bright light, ' through which shot out as if 

from the circumference of the moon straight, maasive, 

silvery rays, seeming distinct and separate from each 

other, to a distance of two or three diameters of the lunar 

disc, the whole spectacle showing as upon a backgrootid 

fPf diffused rose-coloured light,' It is specially interest- 

ing to note the arrangement of the long raya on that 

jcasion. For the eclipse of I8ti9 occnrred on August 7, 

e time of central eclipse for the whole earth being 

bh. 4t)m. P.M. Greenwich time; and the eclipse of 

1878 happened on July 29, the time of central eclipse 

lb. 23m, P.M. Greenwich time ; so that the two 

Jclipses occnrred at the same time of the year within 

Bine days 23 minutes. The actual directions in which 

ervera of the two eclipses looked at the sun 

trere inclined to each other in an angle of less than 

nine degrees. So that, in point of fact, we may say 

that very nearly the same view was obtained of the 

_6nn'8 surroundings on both occasions, apart from any 

langes which may have occurred in the interval. If 

t should appear that the long rays presented the same 

meral aspect in 1869 as they did in July 1878, then 

nference would be that they are objects not 

langing as the sierra, the prominences, and the inner 

^rona change. We could not safely conclude that 

the case ; but it would be the most pro- 

^ble inference. Now, Generu! Myer, in 1869, said that 

) silvery rays were longest and most prominent at 

bur points of the circumference, two npon the upper 
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and two upon the lower portion, apparently equidistant 
from each other, giviag the spectacle a quadrilateral 
shape. The angles of the quadrangle were about oppo- 
site the north-eastern, north-western, aouth-eastem, 
and south-western points of the disc. The descripti 
is not exact, but it accords weil with the conclusi 
that two of the rays (the north-eastern and southi 
western) were in the echptic, and the other two 
right angles to the ecliptic. If bo, there seems good' 
reason, as will now appear, for believing that the raya 
seen by Myer in lf^69 may be the same, or, rather 
belong to the same cosmical appendage of the snnj 
as those seen by him and by other observers in Jul; 
1878. 

We take next a brief description of the rays as seeiil 
by Mr. Alfred C. Thomas, from Capitol Hill, near Denver' 
City. ' In the plane of the ecliptic,' he says, ' thtt' 
streamers of light extended for about 1^ times the; 
diameter of the moon.' Three accounts, then— Mri 
Lockyer's, General Myer'a, and Mr. Thomas's — agree in^ 
describing the extension of the rays in the direction of] 
the ecliptic. We might quote other accounts, for, id 
fact, many observers saw these ecliptic streamers. They 
were seen by so many as to leave no doubt of theit 
reality. We have now, however, to consider the evi-< 
dence of those who saw these ecliptic rays to a much'> 
greater distance, and of one observer who saw also rays, 
at right angles to them which other observers failed 
to recognise, but which must not on that account be 
regarded as subjective phenomena. 






Professor Cleveland Abbe liad intended to c 
the eclipee from Pike'a Peak, but he was taken ill a 
short time after reaching the summit, and bad to be 
removed to the Lake House (hotel) on the day preced- 
ing the eclipse. Here, without instrumeuts and too ill 
to sit up, he made his observationa. He cnuld do 
nothing but observe the corona with the naked eye ; 
but as he gave his whole attention during totality to 
the coronal rays, his observations are very valuable. 
By Monday, the day of the eclipse, he had recovered 
sufficiently to be laid on the ground upon a gentle slope 
facing westward. He says : — ' I was undisturbed by 
any other consideration, except to get a triie presenta^ 
tion of the rays, which I had hitherto firmly believed to 
be either in the earth's atmosphere or in the observer's 
eyes. I went over the region around the sun agiun 
and again at least six times leisurely during the 161 
seconds of totality, and cannot doubt the truthfulness 
and fairness of my drawiug and description.' 

He saw the streamers which other observers had 
»ropared to a wind-vane; but he traced them to a 
much greater distance than other observers. The point 
^tof the vane, as he saw it, reached to a distance from the 

1 equal to fully six diametera. (A weekly contem- 
Pporary says six degrees, but Profeaaor Abbe's descrip- 
tion and picture, both which we have before us as we 
write, agree in making the distance six diametera.J 
This would correspond to more than five million milen. 

I the other side, the double utresmer forming the 

1 of the vane does not extend (in the picture) nearlj 



80 Ear. not more than three or four diameters, or abont 
three million milefi. The breadth of the vane where 
it crosses the sun is almoet exactly equal to the sun's 
diameter, so that the §ides of the vane juat< touch the 
sod's edge. Athwart the wind-vane streamers, at right 
an^rles, and fonning a very similar system, lies another 
set of streamers, a pointed one above the sun, correspond- 
ing to the pointed eastern end of the wind-vane sety 
and a broad, rather fan-shaped streamer below the 
corresponding to the broad western end or tail of the 
wind-vane. The pointed ray extends fully five diameters 
from the eon. Its light was fainter, which accounts 
for its having escaped the attention of other observed 
with less time at their disposal to study the corona, 
with the naked eye. It is very important, especially 
in connection with the choice of methods for observing 
future eclipses, to note Professor Abbe's experience on 
this point. He says : — ' All the details came out only 
after repeated examinations of the corona and repeated 
attempts to draw and note its peculiarities. I am 
satisfied that a glance of a few minutes will no more 
suffice to do justice to these delicate phenomena than 
it could to enable a naturalist to draw the dLstinguish-^ 
ing features of a new shell or insect, or would enable 
artist to correctly sketch in a landscape.' 

Wb can, then, understand why other observers, ei 
some who recognised a yet greater extension of 
coronal light, failed to perceive the fainter thwi 
system of rays seen by Professor Abbe. We also 
ceive that these thwart rays cannot possibly be reji 
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I merely snbjective phenomena. They were seen by 
A.bbe as satisfactorily, and remained as persistently 
visible, as the ecliptica! ravs whii? h so many saw ; but, 
>eing fainter, they were not detected by those who 
^ke all except Abbe) gave only a short portion of 
totality to the study of the corona with the naked 
•ye. 

Only Professors Langley and Newcomb saw the 
coronal light extending further than the long rays ob- 
served by Professor Abbe. Langley, an astronomer to 
whom we owe the finest drawing of a large sun-spot 
«ver yet seen, w^ at the head of a party from Pitts- 
bnrg. Like Myer, he observed the eclipse from the 
■BUramit of Pike's Peak. We do not know whether he 
adopted any special method of observing the faint out- 
lying part of the coronal luminosity ; but he traced it 
in the moat transparent atmosphere to a dist.ance of 
twelve diameters of the sun on one side, and three on 
a other. Its extension was in the direction of the 
ecliptic, and the light resembled the zodiacal. In other 
Words, what Langley saw at a distance of about twelve 
<diameters from the sun was a faint and softly graduated 
luminosity, not the separate rays seen to a distance of 
about six diameters only. Newcomb saw a similar 
I luminosity, and traced it to the same distance from tlie 
a. Like Langley, also, Nevpcomb seems not to have 
jcially observed the long rays seen by those who 
3d attentively the regions closer to the sun. As 
jlewcomb used a screen which concealed these regions 

rom view, during at least part of the time devoted to 
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obHervationa with the nnked ey^e, we need not be i 
prised that he Tuiled to see features which Cleveland! 
Abbe, studyiug these regions alone during the whole I 
of totality, found sufBciently delicate to require his 1 
whole attention. 

From a comparison of all the observations, the fol- 1 
lowing important conclusions seem established beyonS'J 
all possibility of tloubt or qnestion : — Outside the solar I 
sierra, averagiug some 6,000 or 7,000 miles in height, I 
comes the prominence region, extending about 100,000 I 
miles from the sun's surface. Outside this comes the I 
inner corona, shining in part with its own light, aom&- 
times coming chiefly from multitudes of solid or liquid 
bodies in a state of incandescence, sometimes chietly 
from glowing vaporous matter. This region extends 
from 200,000 to 600,000 miles from the sun. Beyond 
the inner corona is the outer corona, as already known 
and photographed during the eclipses of 1870 and 1871, 
and extending about 1,000,000 miles fi-om the sun. 
But far outside the outer corona there is a region 
occupied by matter so situated and so illuminated (or 
possibly self-luminous) a,a to present the appearance of 
long rays extending, if we may judge from observations 
hitherto made, directly from the sun to a distance of 
5,000,000 miles. Outside this region again lies another 
in which, whether by the combination of multitudes 
of such rays as are seen separately close to the sun, 
or through the presence of matter in other forms, a 
softened luminosity prevails which during total eclipse 
can be traced along the zodiac at least 10,000,000 miles 



from the snrface of the sun. Lastly, from obser\-a- 
tions made during evening twilight in spring, nnd 
during morning twilight in autumn (at which twilight 
hours the zodiac near the sun is most nearly upright 
during the year), we can trace the extensioa of the 
zodiacal luminosity seen by Langley and Newcomb to 
distances exceeding seven or eight times at least those 
to which they traced it during total eclipse. Nav, 
there are reasona for believing that at times this lumi- 
nosity has been traced to such a distance from the sun 
as to show that the zodiacal matter extends much 
further from him than the orbit of our own earth. 
^L Now, in one sense, the relations here presented nra 
^bot new. The zodiacal light has been known from the 
I time of Childrey, if not from that of Tycho Brahe. 
Mathematicians ha,ve long seen that it must belong to 
a Bolar appendage, rejecting utterly the doctrine ad- 
vanced by some that it comes from matter travelling 
round our own earth, Again, the long coronal rays had 
been very confidently regarded by most mathematical 
■ astronomers, and indeed by all who had sufEciently 
■«tudied the evidence, as belonging to matter near the 
lenn. And though the zodiacal had never before been 
tjBcognised during totality, and so the gap between the 
I fintermost coronal rays and the innermost part of the 
I Bodiacal seen during twilight had never been observa- 
I tionally filled up, yet the mind's eye of science had 
clearly discerned even that portion of the zodiacal. 
E:Btill the recognition of the whole range of solar sur- 
roundings, in such sort that no question can any longer. 




it should seem, be raised aa to their reality, even hy' 
tliosi^ least able to follow scieutific reasoning, canoiA 
but l)e regarded as an important step. Many will 
Ftudy eclipse plienomena with a new interest and a 
purpose, who formerly sappoaed the theories of as 
noniera respecting the unseen parts of the zodiacal to 
be mere hypotheses, even if they were not wholly fan- 
ciful speculations. Many in like manner will study the! 
zodiacal light as seen in morning and evening twilight 
with much greater care than heretofore. Its changes 
of extent, position, and Instre, will now be seen to ba 
full of interest. Whether they synchronise or noti 
with the changes undergone by the corona, or with tho 
varying extent and activity of the prominence region, 
or with the number and size of the solar spots, anv 
questions of importance, to some of which we may hopa' 
to obtain an answer, seeing that in tropical regions,' 
especially at elevated stations, the zodiacal (as Hum-' 
boldt long since pointed out) is a coDspicnooa phfr< 
nomenon. ' Whether during future eclipses the zodiactJ 
will be traced further from the sun than by Langley 
and Xewcomb in July 187S, is not in reality a matter 
of much moment. The great point is that the zodiac^ 
should once have been unmistakably recognised durinjp 
total eclipse. That was all that was wanted to mabEf 
the cliain of evidence complete even for those who' 
cannot recognise the force of reasoning when it educes 
from observation something more than was actually' 
seen. Now that this is done, eclipse observations of thfl' 
zodiacal will not be wanted. They never could throw: 
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any light on the natnre of the zodiacal light, except 
near the sun, where the long rays are. For at a, dis- 
tance of 6 deg. or 7 deg. from the eclipsed sun the 
light of our own atmosphere begins to show, obliterating 
the delicate light of sun-surromiding matter. As to the 
rays, now that their solar, or rather cosmical, nature 
is recognised, we may expect that they will be carefully 
studied. What their real nature may be ia not easy to 
determine. That they indicate the existence of me- 

I teoric or cometic systems near the sun, as Professor 
F-Abbe believea, may he accepted as probable. Indeed, 
rthe only reasonable theory of the zodiacal is one wliich, 

B I showed nine years ago, would lead us to expect to 
Esse sigUB of meteoric streams where these raya appear. 

I I wrote {Treafue of Ike Sim, 1st edition, p. 3(33): — 
•The 8un has as an appendage a cloud of cosmical 

P todies, which will continue for ever, or for an indefi- 
nitely long period, as a cloud appendage. It will not 
be fixed, the relations even of its several parts will not 
be fixed ; on the contrary, the cloud will shift and 
tactnate, its members aggi-egating here and segregating 
iiiere ; bnt as a clustering appendage it will be per- 
Fmanent. . . . The existence of multitudes of eccentric 
I systems implies necessarily the aggregation of meteors 
I la the sun's neighbourhood. . , , These meteors would 
I be severally illuminated with inconceivable splendour 
^1 on account of their nearness to the sun. . . , Add to 
bis that those approaching most nearly to him would 
rendered incandescent if not vapourised by the 
biteiisity of hia heat, and that moat probably electric 



dischargea would take place between them on acconnt 
of tlie intense energy of the solar action.' 

But ProfeBBor Abbe's theorj-, that the rays he saw 
were themsflvea meteor systems, involves difficulties 
which he does not seem to have noticed. A meteor 
system would only by the merest chance appear as a 
beam lying directly athwart the sun. For that purpose 
it must lie beyond the Bnn, (Professor Abbe says it 
may lie either on the hither or further aide of the snn, 
but a stream of meteors on the hither side would 
rapidly fade out near tbe sau, just as Mercury and 
Venus rapidly lose their lustre when approaching the 
Bun in the part of their orbit nearest to the earth, or tech- 
nically when approriching inferior conjunction.) Again, 
such a system to appear straight athwart the sun muat lie 
in a plane passing through the earth's surface at the time. 
Now among some two hundred meteor systems through 
which our earth passes, we find every variety of posi- 
tion. So that it might happen that a single meteor 
seen during totality would have just such a position as 
would make it appear to lie athwart the sun. Even 
that would be a strange chance. That two systema 
(two only being seen, be it remembered) should be thus 
situated would be a very strange chance indeed. But 
that in every eclipse ever observed the meteor systems 
should be so situated as to form rays apparently eio-l 
tending from the sun, is altogether incredible. Some- 1 
times moat assuredly, if Abbe's theory were correct, i 
should see meteor systems passing near to the sun with 
out touching his disc. But beams of silvery light e 
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litnated have never been seen. There are other objec- 
|4ianB, but thia may snfBce here. We eeem compelled 
^ixi believe that the estension of the rays directly from. 
the sun is not an accidental feature, but is due to the 
real extension of lines of illuminating matter radially 
from his globe. The explanation of the peculiarity 
remains to be discovered. I venture to predict that it 
Trill be related, and not remotely, to the explanation of 
the extension of comets' tails directly from the sun ; 
for it is more than probable that enormous quantities 
of cometic matter exist in the sun's immediate neigh- 
bonrhood. 

II would quote in conclusion another passage from 
the work to which I referred a few lines above, because, 
thoDgh written nine years ago^ it corresponds well with 
the present position of the subject I have been dealing 
with:— 
' To doubt what general view we should form of the 
csorona and zodiacal light seems to savour, not of that 
wise caution which prevents the true philosopher from 
overlooking difficulties, but rather of an inaptitude to 
estimate the value of evidence. As to details, we may 
be doubtful. Other matter tban meteoric or cometic 

^ matter may well be in question ; other modes of pro- 
ducing light, save beat, electricity, or direct illumina^ 
lion, may be in operation in this case; and, lastly, 
there may be other forces at work than the attractive 
inflnence of soiar gravity, or the form of repulsive force 
icated by the phenomena of comet*. As regards 
the tme shape and position of the coronal and 




zodiflcal appendage, and yet more as re^rda its varia* I 
tions in sliape, we may still have mach to leam. Btft 
of the general fact that the corona and zodiacal light 
form a solai- appendage of ama7ing extent and import- 
ance, that they are not merely terrestrial phenomena, 
but worthy of all the attention astronomers and phy- 
sicists can direct to them, no reasonable doubts can any 
longer be entertained.' 

From the Timea, Sept G, 1873. 
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Saturn — the attisgimwi planeta of the ancients— re- 
mains still the most distant planet respecting whose 
physical condition astronomers can obtain satisfactory 
information. The most powerful telescopes yet con- 
structed have been turned in vain towards those two 
mighty orbs which circle outside the path of distant 
Saturn : from beyond the vast depths which separate na 
from Uranus and Neptune, telescopiats can obtain little 
intelligence respecting the physical habitudes of either 
planet. Nor need we be surprised at the failure of 
astronomers, when we consider the difficulties under 
which the inquiry has been conducted. In comparing 
the telescopic aspect of Uranus with that of Saturn (for 
example) we must remember that Uranns ia not only 
twice as far from the earth bnt also twice as far from 
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'l^e sun as Saturn is. So that the features of Uranus 
are not merely reduced in seeming dimensions, in the 
proportion of about one to four, but they are less 
brilliantly illuminated in the same proportion. And 
I therefore (ronghly) any given portion of the surface of 
f Uranus — say a hundred miles square near the middle 
of his visible disc — sends to us but about one-sixteenth 
part of the light which an eqnal and similarly-placed 
portion of the surface of Saturn would send to ua. 
Now every astronomer knows bow difficult it is, even 
with very powerful telescopes, to study the pliysical 
features of Saturn. A telescope of moderate power will 
show US his ring-system and some of his satellites ; bat 
to study the belts which mark his surface, the aspect of 
bis polar regions, and in particular those delicat« tints 
which characterise various portions of hia diac, requires 
a telescope of great power. It will be understood, 
therefore, that iu the case of Uranua, which receives so 
mnch less light from the sun, and ia so much farther 
from ua, even the best telescopes yet made by man must 
'■aX to reveal any features of interest. We may add 
ilso that Uranus is a much smaller planet than Saturn, 
though far larger than the combined volume of all the 
foar planets, Mars, Venus, the Earth, and Mercurj'. If 
Saturn (without his rings) and Uranus were both visible 
together in the same telescopic field (a circumstance 
which may from time to time happen) the Herachelian 
planet would appear so smalt and faint that it might 
readily be taken for one of Saturn's moons, the ringed 
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planet Bending ns alK^ther somp sixty times as roach 
light as Uranne. 

Bnt what the telescope hadhitherto failed to accom' 
pliah, has been achieved by means of that wonderfiil 
ally of the telescope, the spectroscope, in the able hands 
of the eminent astronomer and physicistj Dr. Huggios. 
News has been received about the constitution of th« 
atmosphere of Uranus, and news so strange (apart f 
the strangeness of the mere fact that any informatioa 
could be gained at all respecting a vaporous envelopi 
80 far away) as to lead ua to speculate somewhat 
curiously respecting the conditions under which th 
Uranians, if there are any, have their being. 

Before describing the results of Dr. Huggina'a latQ 
study of the planet, it may be well to give a bri 
account of what is known respecting Uranns. 

The question has been raised whether Uranns wi 
known t^ the astronomers of old times. Ther 
is nothing altogether improbable in the supposition 
that in counti-ies where the skies are unusually clear, 
the planet might have "been detected by its motions. 
Even in our latitude Uranus can be quite readily seen 
on clear and moonleaa nights, when favourably situated 
Ae shines at such times as a star of about the fifli 
magnitude— that is, somewhat more brightly than 1 
faintest stars visible to the naked eye. In the det, 
skies of more southerly latitudes he vrould appear i 
sufficiently conspicuous object, though, of course, 
would be wholly impossible for even the most I ' 
sighted observer to recognise any difference betweei 
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the aspect of the planet and that of a star of equal 
brightneaa. The steadiness of the hght of Saturn 
causes this planet to present a very marked contrast 
with the first magnitude stars whose lustre nearly 
equals his own. But although the stars of the lower 
orders of magnitude sciutillata like the leading orba, 
- tJieir scintillations are not equally distinguishable by 
■ the unaided eye. Nor is it unlikely that if Uranus 
^■were carefully watched (without telescopic aid) he would 
appear to scintillate slightly. Uranus would only be 
3 a planet by bis movements. There 
i little reason for doubting, however, that even 
m tiie motions of so faint a star naight have been recog- 
I oised by some of the ancient astronomerSj whose chief 
»*ccupation consisted in the actual study of the star 
\ groups. We might thus understand the Burmese tra- 
dition that there are eight planets, the sun, the moon, 
[ercury, Venus, Jupiter, and Saturn, and another 
med Edhu which is invisible. If Uranus was actually 
iovered by ancient astronomers, it seems far from 
alikely that the planet was only discovered to be lost 
liSgain, and perhaps within a very short time. For if 
' anything positive had been learned respecting the 
revolution of this distant orb, the same tradition which 
recorded discovery of the planet would prabably have 
recorded the nature of its apparent motions. 

Be this as it may, we need by no means accept 

the opinion of Buchanan, that if the Burmese tradi- 

^^iim relates to Uranus, Sir William Herschel must be 

Hpetripped of his honours,' The rediscovery of a lost 
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planet, especially of one wliich had remained cfmc'ealed 
for so many ceutnries, must be regarded as at least as 

interesting as the discovery of a planet altogether 
known. Nor was there any circumstance in the actual 
discovery of Uranus, which would lose its interest, 
even though we accepted quite certainly the concln- 
sion that the Herschelian planet was no other than old 
RAhu.' 

Let 118 turn to HeracherB own narrative of hia 
detection of Uranna. It is in many respects very 
instructive. 

In the first place, we must note the nature of the 
work he was engaged upon. He had conceived the idea 
of measuring the distances of the stars, or at least of 
the nearer stars, by noting whether as the earth circles 
around the sun the relative positions of stars lying very 
close to each other seemed to vary in any degree. To 
this end he was searching the heavens for those objects 
which we now call doable stars, most of which were in 
his day supposed to be not in reality pairs of stars- 
that is, not physically associated together — but seen 

' It ifl, after all, at least aa likelj that Riiiiu— assuming there 
really was a planet kDDwn nodec this name — miglit have been Veata, 
the brightest of the small planets which airule between Mars and 
Jupiter, as the distant and alow-moving' Uranus. For although. 
Veata is not nearly so bright aa Uranus, shining, indeed, only as a 
atu of the seventh magnitude, >'et she can at times be seen without 
teleBcopio aid by persona of extremely good sight ; and her n 
ments are far more rapid than those of Uranas. In the high table- 
lands of those eastern countries, where some place the birth of' 
astronomy, keen-sighted observers might quite readily have dis- 
covered her planetary nature, whereas the slow movements of tTrann* 
would probably have escsped their notice. 
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near togetlier only becaase lying neEirly in the same 
direction. The brighter star of a pair was in fact sup- 
posed to tie very much nearer than the fainter ; and it 
was because, being so much nearer, the brighter star 
shoal d be much more affect ed (seemingly) by the 
earth's motion around the sun, that Herschel hoped to 
learn much by studying the aspect of these unequal 
double stars at different seasons of the year. He hoped 
yet more from the study of such bright orbs as are 
aurronnded by several very faint stars. It was a case 
of this kind that he was dealing with, when accident 
led him to the discovery of Uranus. ' On Tuesday, the 

U,13th of March (1781),' he writes, 'between ten and 
leven in the evening, while I was examining the small 
1 in the neighbourhood of Eta in Gemini, I per- 

^ceived one that appeared visibly larger than the rest. 
J struck with its uncommon magnitude, I com- 
pared it to Eta and the small stars in the quartile 
between Auriga and Gemini, and finding it so mnch 
larger than either of them, suspected it to be a comet. 

■ I was then engaged in a series of observations (which I 

B^ope soon to have the opportunity of laying before the 
Boyal iSociety) requiring very high powers, and I had 
idy at hand the several magnifiers of 227, (!60, 932, 
16, 2,010, &c., all of which I successfully naed on 
that occasion. The power I had on when I first saw 
the (supposed) comet was 227. From experience I 
knew that the diameters of the fixed stars are not pro- 
portionally magnified with higher powers, as those of 
the planets are ; therefore I now put on the powers of 
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660 uid fl32, KoA fband the diameter of the comet 
inoTMsed in proportion to the power, as it ought to be 
on a BDppositioD of its not being a fixed star, while the 
diameCera of the stars to which I compared it were not 
increaeed in the ^mt> ratio. Moreover, the cometi, 
being magnified much beyond what its light would 
admit of, appeared hazy and ill-defined with these great 
powers, while the stars presented that lastre and dis- 
tinctness which from many thonsand observations X 
knew they would retain. The sequel has shown that 
my surmises wen* well fonnded." 

There are three points to be specially noted in this 
account. First, the astnmomer was engaged in a 
process of systematic surs^ey of the celestial depths — sO' 
that the discovery of the new orb cannot be properly- 
regarded as accidental, although Herschel was not at 
the time on the look-out for as yet unknown planets. 
Secondly, the instTumeuts he was employing were of 
his own coustructiou and device, and probably no other 
jn existence iu his day would have led him to the di»- 
covenr that the strange orb was not a fixed star. And 
thirdly, without the experience he had acquired in the 
stndy of the heavens, he would not hare been able to 
apply the t«t which, as we haw s«en, he found so 
decisive. The hat that the stars are not magnified by 
iacreMed telescopic power to the same extent as planets 
or oonete, is, as IVrfessor Pritchard has justly remarked, 
* an important result (^ the nndulalory theoty of lig^t, 
and was unsuspecled in Sir William Herschel's day.' 
So that whether we ctmsider ibe work Heisdiel was 
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■engaged upon, the instrumen'ts he used or the experi- 
r Alice he had acquired, we recognise the fact that he 

Alone of the astronomers of hia time was capable of 

discovering Uranus otherwise than by a fortunate acci- 
\ dent. Others might have lighted on the discoverj' — 

indeed, we shall presently see that the real wonder is 
I that Uranus had not been for many years a recoguiswl 

member of the solar system — but no one except Uer- 
I Bchel could within a few minutes of his first view of the 
I "planet have pronounced confidently that the strange 
V orb (whatever it might be) was not a fixed star. 
I I do not propose to enter here, at length, into the 
[ series of researches by which it was finally demonstrated 
I that the newly-discovered body was not a comet but a 
h planet, travelling on a nearly circular path around the 
I Bun, at abont twice Saturn's distance from that orb. 
I With this part of the work Herachei had very little to 
I do. To use Professor Pritchard's words, having ascer- 
I tained the apparent size, position, and motion of the 
I stranger, ' Herschel very properly consigned it to the 

■ care of those professional astronomers who possessed 
I "fixed inatrnmenta of precision in properly constituted 

■ obaervatorieB — to Dr. Maskelyue, for instance, who was 
rtheQ the Astronomer-Royal at Greenwich, and to 

■ Lalande, who presided over the observatory in Paris.' 

■ .As the newly-discovered body travelled onwards upon 
m ita apparent path, astronomers gradually acquired the 
1 means of determining what its real path might be. 

■ At first they were misled by eiToneous measures of the 
apparent size, which suggested that the sup- 



posed comet had in the course of the first month otter 1 

ita discovery approached to within half its original 
diatence. At length, setting aside all these meaanres, 
and considering only the movements of the stranger, 
Professor Saron was led to the belief that it was no j 
comet, hot a member of the solar system. It ' 
eventually proved, chiefly by the labours of Lexell,J 
Lalande, and the great mathematician Laplace, thaCi 
this theory fully explained all the observed motions dtt 
the newly-discovered body, and before long (so complete T 
is the mastery which the Newtonian system gives astro- j 
nomers over the motions of the heavenly bodies) all the J 
circumstances of the new planet's real motions became i 
very accurately known. It was now possible, not only I 
to predict the future movements of the stranger, but 1 
to calculate his motions during former years. Thia last 1 
process was quickly applied to the planet, with the 1 
object of determining whether among the records of 
observations made on stars, any might be detected 
which related in reality to the newly-discovered body. 
The result will appear at first sight somewhat surpria- ] 
iag. The new planet had actually been observed no | 
less than nineteen times before that night when Herschel 1 
first showed that it was not a fixed star, and those 
obeer\'ations were made by astronomers no less eminent 
than Flamsteed, Bradley. Mayer, and Lemounier. 
Flamsteed had seen the planet five several times, i 
time cataloguing it as a star of the sixth magnitude, so ' 
that five such stars had to be dismissed from Flam- 
steed's lists. But the case of Lemonnier was even more I 




for he had actnally observed the planet no 
loan twelve times, several of his observations having 
made within the ^pace of a few weeks. " M, Arago 
laturatly comments,' says Professor Pritchard, " on the 
■rant of system displayed by Lemonnier in 1769 ; had 
jbe bnt reduced and arranged his observations in a 
properly-const meted register, his name instead of 
^er&chel's would have been attached for all time to one 
r the starry host. Bnt Lemonnier was not a man of 
Rderi his astronomical papers are said to have been a 
rery picture of chaos ; and M. Bonvard. to whom we 
e long been indebted for the best tables of the new 
planet, narrates that he had seen one of Lemonnier's 
pibserrations of this very star ivritten on a paper bag 
Irhich had contained hair powder : ' 

In onr days, when fresh planets are being discovered 
Knd named in the course of each year that passes, it 
jnay appear strange that mucb difficulty was found in 
assigning a suitable name to the stranger. But we 
Qiast remember that for ^es the planetary system had 
been supposed to comprise no other primary members 
. those known to the ancients. The discovery of 
Uranus was an altogether novel and unlooked-for cir- 
ttomstancQ. It was not supposed that fresh discoveries 
hit like nature would be made, still less that a planet 
would hereafter be discovered under circumstances far 
) interesting even than tliose which attended the 
discovery of Uranus. Accordingly a mighty work was 
B Uranus was fitted with a name, Lalande 
OBed tbe name of the discoverer, and the new planet 
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was indeed long knowu on the Coutineut by the name 
of Herschel. The symbol of the planet ( y _), the initial 
letter of Herschel'a name with a snialJ globe attached 
to the cross-stroke, still reminds us of the honour which 
Continental astronomers generously proposed to render 
to their fellow-worker in England.' Lichtenberg pro- 
posed the name of Astr^a, the goddess of justice — for 
this ■ exquisite reason,' that since justice had failed to 
establish her reign upon earth, she might be supposed 
to have removed herself as far as possible from our 
unworthy planet. Poinainet suggested that Cybele 
would be a suitable name ; for since Satnm and Jupiter, 
to whom the gods owed their origin, had long held their 
seat in the heavens, it was time to find a place for Cybele, 
' the great mother of the gods.' Had the supposed 
Greek representative of Cybele — Rbiea — been selected 
for the honour, the name of the planet would have 
approached somewhat nearly in sound, and perhaps in 
signification, faa the old name Rahu. But neither 
Astrsea nor Cybele were regarded as of sufhcient dignity 
and importance among the ancient deities to supply a. 
name for the new planet.' Prosperin proposed Neptune 

' There is a ceitaiD iucoDgmity, accordicglj, amoag tbe symbols I 
of tlie primary planets. Mercury is symbolised by his cadueeut, T 
Yenna by lier loaking-glasa (I suppose), Mais by bis spear aod 1 
shield, Jupiter by hU throne, Sa,tnrn by hia sickle ; and again, when I 
we pass to the symbols assigned to the planets diaoovered i 
present century, we find Neptune symbolised by bis trident, VestA I 
by her altar, Ceres by her sickle, Minerva by a sword, and Juno by f 
a Btar-tipped sceptre. Ucanua alone is represented by a symbol 
which has no relation to his position among tbe deities of mythology. 

' Both these names are found among tbe asteroids, tbe fifth of 
these bodies (in order of discovery) being called Astnea, tbe eighty- 
ninth being named after the great mother of gods and goddea 
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a Bnitable name, because Saturn would thus have the 
' !st of hie sons on one side of him, and hie second 
on the other. Bode at length suggested the name 
UranuB, the moat ancient of the deities ; and as 
Saturn, the father of Jupiter, travels on a wider orbit 
Jupiter, it was judged fitting that an even wider 
jOTbit than Saturn's should be adjudged to Jupiter's 
iud&ther. In accepting the name of Uranus for the 
m planet, astronomers seemed to assert a belief that 
no planet would be found to travel on a yet wider path ; 
and accordingly when a more distant planet was dis- 
covered, the suggestion of Proaperin had to be recon- 
Mdered; but it was too late to change the accepted 
promenclature, and accordingly the younger brother of 
Jupiter has had assigned to him a planet circling out^ 
side the paths of the planets assigned to their father and 
grandfather. It may be noted, also, that a more appro- 
priate name for the new planet would have been Ccelus, 
since ail the other planets have received the Latin 
names of the deities. 

Herschel himself proposed another name. As 
ilileo had called the satellites of Jupiter the Medicean 
lanets, while French astronomers proposed to call the 
the sun the Bourbonian stars, so Herschel, 
iteful for the kindness which be had received at the 
inds of Geoi^e III., proposed that the new planet 
lould be called Georgium Sidus. On account of the 
it attaching to all Herschel's remarks respecting 
discovery, I quote in full the letter in which he 
litted this proposition to Sir Joseph Banks, then 
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the President of the Royal Society. ' By the obserya- 
lioQB of the most eminent astronomers in Europe,' he 
remarks, ' it appears that the new staPj which I had the 
honour of point fii g ont to them in March 1781, is a 
primary planet of our solar system. A body eo nearly 
related to iis by its similar condition and situation in 
the nnbounded expanse of the starry heavens, most 
often be the subject of the conversation, not only of 
astronomers, but of eveiy lover of science in general. 
This consideration, then, makes it necessary t« give it 
a name, whereby it may be distinguished from the rest 
of the planets and fixed stars. In the fabulous ages of 
ancient times, the appellations of Mercury, Venus, 
Mars, Jupiter, and Saturn, were given to the planets, 
OS being their principal heroes and divinities. In the 
present more philosophical era, it would be hardly 
allowable to have recourse to the same method, and 
coll on Juno, Pallas, Apollo, or Minerva, for a name to 
our new planet. The first consideration in any parti- 
cular event or remarkable incident seems to be its 
chronology ; if in any future age it should be asked 
■when this last^found planet was discovered, it would be 
very satisfactory to say, " In the reign of George ITT " 
As a philosopher, then, the name of Georgium Sidus 
presents itself to me as an appellation which will 
conveniently convey the information of the time and 
country where and when it was brought to view. But 
as s subject of the beat of kings, who is the liberal 
protector of every art and science ; as a native of the 
country from whence this iltustrions family was called 



the Eritiah throne ; aa a member of that society 
"which flourishea by the diBtinguiahed liberality of its 
royai patron ; and last of all aa a person now more im- 
mediately under the protection of thia excellent monarch 
rd owing everything to his unlimited bounty, I cannot 
t wish to take this opportunity of expressing my 
ititude by giving the name of Georgium Sidus — ■ 
' Georgium sidos 

to a star which, with respect to us, first began to shine 
under his auspicious reign.' Herschel concludes by 
remarking that, by addressing this letter to the Presi- 
dent of the Royal Society, he takes the most effectual 
tnethod of communicating the proposed name to the 
srati of Europe, which he hopes ' they will receive 
Jith pleasure.' 

Herschel's proposition found little favour, however, 
among Continental astronomers, Indeed it is some- 
t singular that for some time two names came into 
jeneral use — one in Great Britain and the other on 
Continent — -neither being the name eventually 
kdopted for the planet. In books published in Eng- 
ind for more than a quarter of a century after the 
lovery of Uranus we find the planet called either 
Slb Georgium Sidus or the Georgian. For a shorter 
season the pianet was called on the Continent either 
the Herschel ian planet or simply Herschel. Many 
vears elapsed before the present usage was definitely 
tablished. 
In considering Herschel's telescopic study of the 



planet, we innEt remeinber that, owing to the enonnona 
len^h of time occupied hy Uranus in circling roiu 
his orbit, the astronomer labours under a difficult^ 
distinct in character from the difEculties which haY( 
ftli*a<]y been considered. As Jcpiter and Satnm circ 
on their wide orbits they exhibit to ns— the fori 
in the course of eleven years, the latter in the conrsol 
of twenty-nine and a half years — all those varj'ing pre- 
sentations which correspond to the seasons of these 
planets. Jnpiter, indeed, owing to the uprightness of 
his axis (with reference to his path), presents but slight 
changes. But Saturn's globe is at one time bowed 
towards us, so that a l<u^ portion of his north poloi 
regions can be seen, and anon (fifteen years later) ia a 
bowed, that a large portion of his southern pola 
regions can be seen ; while between these epochs i 
see the globe of Satnm so posed that both poles a 
on the edge of hia disc, and then only does the shap 
of his disc indicate truly the compression or pol« 
flattening of the planet. 

But although similar changes occur in the case e 
Uranus, they occupy no less than eighty-four years i 
running through their cycle, or forty-two years in com 
pleting a half-cycle — during which, necessarily, a] 
possible presentations of the planet are exhibited 
Now it ia commonly recognised among telescopists tha; 
the observing time of an astronomer's life — that is, tin 
period during which he retains not merely his fol 
skill, but the energy necessaiy for difficult researches- 
continues but about twenty-five years at the outmde 
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So that few a5iPDi!i£SE5€3« caz: b-ipe t.: >n5v UnzL-s in 
all his presentadiQiis. «& tbej ran siuiT Mir*, cr e^'-jircr, 
or Saturn. 

When we add to ih\^ 



faintness of Urancs. w-e caimc'T wc-i:Qer t^ist Hrrs?2:el 
should have been unable lo srteak verr c: r:£ irnrlv on 
many points of interesr. His HL-EakS^res •:■: tLr r'.-jiirt's 
globe were sufficientiT satisacrciy. and. cc'inrin'e«i wiih 
modem researches, show tiiai Uranus has a diameter 
exceeding the earth's rather less than four and a half 
times. Thus the surface of Uranus exceeds that of ciLr 
globe about twentv times, and his bulk is more than 
eighty times as great as the earth's. His volume, in 
fact, exceeds the combined volume of Mercury, Venus. 
the Earth, and Mars, almost exactlv fortv times. But 
Sir W. Herschel was unable to measure the disc of 
Uranus in such a way as to determiae whether the 
planet is compressed in the same marked degree as 
Jupiter and Saturn. All that he felt competent to 
say was that the disc of the planet seemed to him to 
be oval, whether he used his seven-feet, or his ten-feet. 
or his twenty-feet reflector. Arago has expressed some 
surprise that Herschel should have been content with 
such a statement. But in reality the circumstance 
is in no way surprising. For as a matter of fact 
Herschel had been almost foiled by the difficulty of 
measuring even the planet's mean diameter. The dis- 
cordance between his earliest measures is somewhat 
startling. His first estimate of the diameter mado it 
ten thousand miles too small (its actual value being 
n. K 
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about ttirtj-fonr thousand miles) ; his nest made it 
nearly three thousand miles too great ; while his third 
made it ten thousand miles too great. His contem- 
poraries were epen less successful. Maskelyne, after a 
long and carefu! series of observations, assigned to the 
planet a diameter eight thousand miles too small ; the 
astronomers of Milan gave the planet a diameter more 
than twenty thousand miles too great ; and Mayer, of 
Mannheim, was even more unfortunate, for he assigned 
to the planet a diameter exceeding its actual diameter 
of thirty-four thousand miles, by rather more than 
fifty thousand miles. It will be understood, therefore, 
that Herachel might well leave unattempted the task of 
comparing the diflerent diameters of the planet. This 
task required that he should estimate a quantity (the 
difference between the greatest and the least diameters) 
which was small even by comparison with the errors 
of his former measurements. 

But besides this, a peculiarity in the axial pose of 
Uranus has to be taken into account. I have spoken 
of the uprightness of Jupiter's axis with reference to J 
his path ; and by this I have intended to indicate thfl- 
fact that, if we regard Jupiter's path as a great lev« 
surface, and compare Jupiter to a gigantic top spinnig 
upon that surface, this mighty top spins with a near9 
upright axis. In the case of Uranus the state i 
things is altogether difierent. The axis of Uranua jj 
so bowed down from uprightness as to be nearly in t 
level of the planet's path. ITie result of this is 1 
when Uranus is in one part of his path, his northas 
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I pole is turned almost directly towards us. At such it 
time we should be able to detect no sign of polar 
flattening even though Uranus were shaped like a 
■watch-case. At the opposite part the other pole is as 
directly turned towards the earth. Only at the parts 
of his path between these two can any signs of com- 
pression be expected to manifest themselves ; and 
Uranus occupies these portions of his path only at 
intervals of forty-two years. 

Herschel would have failed altogether in determin- 
ing the pose of Uranus but for bis discovery that the 
planet has moons. For the moons of the larger planets 
travel for the most part near the level of their planet's 
equator. We can, indeed, only infer this in the case 
of Uranus (for even the best modem measurements 
cannot be regarded as satiafactorily det-ermining the 
figure of his globe), but the inference is tolerably safe. 

Por six years Herschel looked in vain for Uranian 
satellites. His largest telescopes, supplemented by his 
wonderful eyesight and his long practice in detecting 
minute point-s of light, failed to reveal any trace of 
such bodies. At length he devised a plan by which 
the light-gathering power of his telescopes was largely 
increased. On the 11th of January, 1787, he detected 
two satellites, though several days elapsed before he 
felt justified in announcingthe discovery. At intervals 
during the years 1790-1798, he repeated his observa- 
tions ; and he supposed that he had discovered four 
other satellites. He expresses bo much confidence as 
to the real existence of these four bodies, that it is very 
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difiicDlt for those who appreciate his skill to understar 
how lie could have been deceived. But he odtnita that 
he was unable to watch any of these satellitea during 
a considerable part of ita path, or to identify any of 
them on different nights. All he felt sure about was 
that certain points of light were seen which did not 
remain stationary, as would have happened had they 
been fixed stars. No astronomer, however, has since 
seen any of these four additional satellites, though Jlr. 
Lassell has discovered two which Herschel could not 
see (probably owing to their nearness to the body of the 
planet). As Mr. Lassell has employed a telescope more 
powerful than Herschel'a largest reflector, and has 
given mnch attention to the enbject, no one has a 
better right to speak authoritatively on the subject of 
the four additional satellites. Since, therefore, he is 
very confident that they have no existence, I feel bound 
to represent that view as the most probable ; yet I am 
unable to pass from the subject without expressing a 
hope that one of these days new Uranian satellites will 



The four known moons travel backwards ; that is, 
they circle in a direction opposed to that in which all 
the planets of the solar system, and all the moons of 
Jupiter and Saturn, as well as our own moon, are 
observed to travel. Much importance has been attached 
to this peculiarity : but in reahty the paths of the 
"Uranian moons are so strangely situated with respect 
to the path of Uranus, that the direction in which they 
travel can hardly be compared with the common direo- 



tion of the planetary motiona. Imagine the path of 
Uranus to be represented by a very large wooden hoop 
floating on a, sheet of water ; then, if a small wooden 
hoop were so weighted as to float almost upright, with 
one half out of the water, the position of that hoop 
would represent the poaition of the path of one of the 
planet's Batellitea. It will be seen at once that if we sup- 
pose a body to travel round (and upon) the former hoop 
in a certain direction, then a body travelling round the 
latter hoop could scarcely be said to travel in the same 
direction, whether it circled one way or the other. Or, 
to employ another illustration. — if a watch be laid face 
npward on a table, we should correctly say that its 
hands move from east through south to west ; but, if 
it be held nearly upright and the face rather upwards, 
we should scarcely say that the hands moved from east 
through south to west; nor if the face were tilted a 
little further forward, so as to be inclined rather down- 
wards, should we say that the hands move from e^t 
through north to west. 

The great slope or tilt of the paths is undonbtedly 
a more singnlar feature than the direction of motion. 
Implying as it does that the planet's globe is similarly 
tilted, it suggests the strangest conceptions as to the 
seasonal changes of the planet. It seems impossible 
to suppose that the inhabitants of Uranns, if there are 
any, can depend on the sun for their supply of heat- 
The vast distance of Uranua from the snn, although 
reducing the heafc-supply to much less than the three- 
hundredth part of that which we receive, is yet an 
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insigniBcant circomstanc* by comparison with tlie axial 
tilt. One can understand at least ^e- po»»ihilitij thafi 
some peculiarity in the atmosphere of the planet might 
serve to remedy the effects of the former circum- 
etance; precisely as our English climate is tempered 
by the abundant moisture with which the air is ordi- 
narily laden. But while we can conceive that the 
minute and almost star-like sun of the Uranian skies 
may supply much more heat than its mere dimenaiona 
would lead ub to expect, it is difficult indeed to under- 
stand how the absence of that sun for years from the 
Uranian sky can be adequately compensated. Yet 
in Uranian latitudes corresponding to the latitude of 
London the sun remains below the horizon for about 
twenty-three of our years in succession. Such is the 
Arctic ' night of regions in Uranus occupying a posi- 
tion corresponding \o that of places in our temperate 



But the most important result of the discovery of 
the satellites has been the determination of the 
or weight of the planet, whence also the mean density 
of its substance has been ascertained. It has been thas 
discovered that, like Jupiter and Saturn, Uranus ia coi 
atruoted of much lighter materials than the earth. Oi 



' It his been remarked that there ia some tccongraitj ii 
name Arol.io planets which I have assigned in my ' Other Worlds' 
to UranaH and Neptune, when oonaidered with reference to the theorj 
1 have enunciated that these plancta atill retain an enormana amoaat 
of inherent heat. Manj seem to imagine tliat the term arctic im- 
plies cold, I have, of conree. only used the name as indicating the 
distance of tiranua and Neptune from the sun. 
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earth would ontweigh almost exactly six times a globe aa 
large as the earth bat no denser than Uranua. It is to be 
noticed that in this respect the outer planets resemble 
the sun, whose density is but about one-fourth that 
of the earth. It eeema impossible that the apparent 
size of any one of the outer planets can truly indicate 
the dimensions of its real globe. An atmosphere of 
enormous extent must needs scrround, it would seem, 
the liquid or solid nucleus which probably exists within 
the orb we see. 

In the case of Jupiter or Saturn, the telescope has 
told ua much which bears on this point ; and aa I have 
indicated in my ' Other Worlds,' and elsewhere, there is 
an overwhelming mass of evidence in favour of the theory 
that those orbs are still instinct with their primeval 
fires. But in the case of Uranus, it might well be 
deemed hopeless to pursue such inquiries, otherwise 
than by considering the analogy of the two larger 
planets. Direct evidence tending to show that tlie 
atmosphere of Uranus is in a condition wholly differing 
firom that of our own atmosphere, cannot possibly be 
obtained by means of any telescopes yet constructed by 
men. Some astronomers assert that they have seen 
faint traces of belts across the disc of Uranua ; but the 
traces must be very faint indeed, since the best tele- 
scopes of our day fail to show any marks whatever 
upon the planet's face. Ev*n if such belts can be 
eeen their changes of appearance cannot be studied 
Bystematicatly. 

It ia, however, on this very subject — the condition 



of tlie planet's atmosphere — that the discovery I have 
now to describe throws light. 

Faint as is the light of Uranns, yet when a telescope 
of sufficient size ia employed, the spectram of the 
planet is seen as a faint rainbow-tinted streak- The 
peculiarities of this streak, if discernible, are the means 
whereby the spectroscopist is to ascertain what is the 
condition of the planet's atmosphere. Xow, Father 
Secchi, studying Uranus with the fine eight^inch tele- 
scope of the Roman Observatory, was able to detect 
certain peculiarities in its spectrum, though it would 
now appear that (owing probably to the faintneas of 
the light) he was deceived as to their exact nature. 
He says : ' The yellow part of the spectrum is wanting 
altogether. In the green and the blue there are two 
bands, very wide and very dark.' But he was unable 
to say what is the nature of the atmosphere of the 
planet, or to show how these peculiarities might be 
accounted for. 

Recently, however, the Eoyal Society placed in the 
hands of Dr. Huggins a telescope much more powerful 
than either the Roman telescope or the instrument with 
which Dr. Huggins had made liis celebrated observa- 
tions on sun and planets, stars and star- cloudlets. It 
ia fifteen inches in aperture, and has a light-gathering 
power fully three times as great as that possessed by 
either of the instrument^ just mentioned. 

As seen by the aid of this fine telescope the spectrain 
of Uranus is found to be complete, ' no part being 
wanting, so far as the feebleness of its light permits ife 
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to be traced,' But there are six dark bands, or strong 
lines, indicating the absoi-ptive action of the planet's 
atmosphere. One of these Btrong lines corresponds in 
position with one of the lines of hydrogen. Now it 
may seem at a first view that since the light of Uranus 
is reflected solar light, we might expect to 6nd in the 
spectrum of Uranus the solar lines of hydrogen. But 
the line in question ia too strong to be regarded as 
merely representing the corresponding hue in the solar 
spectrnm ; indeed, Dr. Hnggins distinctly mentions 
that ' the bands produced by planetary absorption are 
broad and strong in comparison with the solar lines. 
"We must conclude, therefore, that there exists in the 
atmosphere of Uranus the gas hydrogen, sufficiently 
familiar to us as an element which appears in combina- 
tion with others, but which we by no means recognise 
as a suitable constituent (at least to any great extent) 
of an atmosphere which living creatures are to breathe.' 
And not only must hydrogen be present in the atmo- 
sphere of Uranus, but in such enormous quantities as 
to be one of the chief atmospheric constituents. The 
strength of the hydrogen line cannot otherwise be 
accounted for. If by the action of tremendous heat 
all the oceans of our globe could be changed into their 
constituent elements, hydrogen and oxygen, it is pro- 
bable that the signs by which an inhabitant of Venus 
or Mercury could recognise that and 



I Traces of hydrogen can nearly always lie detected in the aJr, — 
but the quantity oE hydrogen Ihua aiiowD to be present is slmoat in- 
finitesimal ly small compared with the amoant of osygen and oitrogen. 
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taken place would be very much less marked than the 
signs by which Dr. Huggins has discovered that hydro- 
gen exists in the atmosphere of Uranus. It will indeed 
be readily inferred that this must be the case, when 
the fact is noted that no signB whatever of the esist- 
ence of nitrogen can be recognised in the spectrum of 
Uranus, though it ia ditEcult to suppose that nitrogen 
is really wanting in the planet's atmosphere. Etr. 
Hnggins also notes that none of the lines in the spec- 
trum of Uranus appear to indicate the presence of 
carbonic acid. Nor are there any lines in the spectrum 
of Uranus corresponding to those which make their 
appearance in the solar spectrum when the Ban is low 
down, and is therefore shining through the denser 
atmospheric strata. Most of these lines are due t» 
the presence of aqueous vapour in our atmosphere,, 
and it would seem to follow that if the vapour ofi 
water exists at all in the atmosphere of Uranus its 
quantity must be small compared with that of the free 
hydrogen. 

Admitting that the line seen by Dr. Huggins is 
really due to hydrogen — a fact of which he himself has 
very little doubt^we certainly have a strange discovery 
to deal with. If it be remembered that oxygen, the 
main supporter of such life as we are familiar with, 
caimot be mLxed with hydrogen without the certainty 
that the first spark will cause an explosion (in which 
the whole of one or other of the gases will combine 
with a due portion of the other to produce water), it 
is difiicult to resist the conclusion that oxygen most be- 
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absent from the atmosphere of Uranus. If hydrogen 
could be added in such quantities to our atmosphere 
as to be recognisable from a distant planet by spectro- 
scopic aualysis, then no terrestrial fires could be lighted, 
for a spark would produce a catastrophe in which ail 
living things upon the earth, if not the solid earth 
itself, would be destroyed. A single flash of lightning 
would be competent to leave the earth but a huge 
cinder, even if its whole frame were not rent into 
a million fragments by the explosion which would 
ensue. 

Under what strange conditions then must life exist 
in UramuB, if there be indeed life upon that distant 
orb ! Either our life-sustaining element, oxygen, is 
wanting ; or, if it exists in sufficient quantities (ac- 
cording to our notions) for the support of life, then 
there can be no fire, natural or artificial, on that giant 
planet. It seems more reasonable to conclude that, 
aa had been suspected for other reasons, the planet is 
not at present in a condition which renders it a suitable 
abode for living creatures. 

The St. Patd'a Magazine for October 1871. 
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THE TWO COMETS OF THE TEAR 18G8. 
PABT I.— BBORSKNS COMET. 
Ten years ago (thia was written in 1 869), all that astro- 
nomers coutd hope to do with cotneta was to note their 
appearance and changes of appearance when viewed 
with higli telescopic powers. There was one instra- 
meiit, indeed, the polariscope, which atfbrded donbtfiil 
evidence respecting the quality of the light we receive 
from comets, and thus allowed astronomers to form 
vague guesses respecting the structure of these mys- 
terioaa wanderers. But beyond the unsatisfactory 
indications of this instrument, astronomers had no 
means whatever of ascertaining the physical nature of 
comets. 

At present, however, an instrument of incomparably 
higher powers is applicable to the inquiry. The apeo" 
troscope has the power of revealing, not only th* 
general character of any substance which is a source' 
of liglit, but even of exhibiting, in many instances, 
the elementary constitution of such a substance. Tha 
indications of this wonderful instrument of analysis 
are not affected by the distance or dimensions of the 
object under examination. So long as the object ia 
luminous the spectroscope will tell us with the utmost: 
certainty whether the light is inherent or reflected ; ' 
and if the light ia inherent — that is, if the object ia 
self-luminous — the spectroscope will tell us with tha 
utmost certainty what terrestrial elements (if any) 
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exist in the constitution of the object. It ia with the 
revelationB of the spectroscope respecting Brorsen's 
comet that I now propose to deal. I mnst make a 
few preliminary remarks, however, respecting the vari- 
OD8 pecnliarities of structnre which have been presented 
by comefca. 

I assume that my readers are familiar with the 
general appearance presented by comets — at least by 
those which are visible to the naked eye. It may be 
netessary to note, however, of the three features com- 
monly recognised in comets — viz. the nucleits, coma, 
and tail — ^the coma alone ia invariably exhibited. A 
comet which has neither nuclens nor tail presents 
simply a ronnd mass of vapour slightly condensed to- 
wards the centre. The nucleus, when seen, appears aa 
a bright point within the condensed part of a comet. 
The tail, as every one knowa, is a long train of light 
isauing from the head. 

It was noted in very early times that comets are 
almost perfectly translucent. This peculiarity has been 
confirmed by modern and more exact observations. Sir 
W. Herschel watched the central passage of a comet 
over the fainter component of a double star ; and he 
could detect no diminution of the star's brilliancy. 
Similar observations were made by MM. Olbers and 
Struve. Sir John Herschel watched the passage of 
Siela's comet over a small cluster of very faint tele- 
•Bcopic stars. The sUghteat haze would have oblite- 
lated the cluster, yet no appreciable effect was pro- 
duced by the interposition of cometic matter having a 
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thickness (according to Herschel's estimate) of 50,000 
milee. And there is another remarkable evidence of^ 
tenuity, From recognised optical principles, a star 
seen through the globular head of a comet, should 
appear displaced from its true position jnst as any 
object seen (non-central! y) through a globular decanter 
fall of water seems thrown ont of its true place. The 
astronomer Bessel made an observation on a star which 
approached within about eight seconds of the nucleus 
of Halley's comet, and he found that the place of the 
star was not affected to an appreciable extent. 

Whether the nucleus of a comet is solid or not had 
long been a disputed point among astronomers. With. 
telescopes of moderate power the bright point within 
the coma presents an appearance of solidity which 
might readily deceive the observer, But with an in- 
crease of power the nucleus assumes a difFereut appear- 
ance. Instead of having a well-defined outline, it ap- 
pears to merge into the coma by a somewhat rapid 
gradation — but not by an abrupt variation — of light. 
Good observers have reported the extinction of tele- 
scopic stars behind the nuclei of comets, but there are 
peculiar diEGculties about an observation of this sort 
and it is very difficult to determine whether a star is 
really concealed from view hy the interposition of the 
nucleus or simply obliterated by the glare of light. 

The tail of a comet appears nearly always aa an 
extension from the coma, and a dark interval is usually 
seen between the head and the tail. But there is an 
immense variety in the configuration of comets' tails. 
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The comet of 1744 had six tails spread out like a fan. 
The comet of 1807 had two tails — both turned from 
tte sun. The comet of 1823 had also two tails, but 
one was tamed almost directly towards the sun. Other 
comets have had lateral tails. 

The processes which seem to be passed throngh by 
cometa during their approach towards and recession 
from the sun have proved very perplexing to astrono- 
mers and physicists. When first seen a comet osuaily 
appears as a light roundish cloud with a point of 
brighter light near the centre. As it approaches the 

L the comet appears to grow considerably brighter 
on the side turned towards him. An emanation of 
light seems to proceed towards the sun for a short 
distance and then to curi baclcwards and stream out 
in a contrary direction. Gradually the backward 
streaming rays extend to a greater distance — the 
nucleus continuing to throw out matter towards the 
Bun, Thus the tail is formed ; and it is often thrown 
out to a distance of many millions of miles in a few 



3n8 of the most singalar facts connected with the 
approach and recession of a comet, is the peculiarity 
that the comet grows gradually smaller and smaller as 
it approaches perihelion, and swells out in a corre- 
sponding manner as it passes away from the sun. The 
comet of 1652 was observed by Heveliua to increase so 
rapidly in dimensions as it passed away from the sun, 
that between December 20 and January 12 its volume 
tad increased in the proportion of about 13,800 to 1, 



A^Tien it was last visible this oomet exceeded tlie a 
in volame. This observation, on which much donbt' 
bad been throwa, has been confimied by the researchea 
of the best Diodem observers. M, Strove measored 
Encke's comet as it approached the sdd towards the 
end of the year 1828. He found that between October 
2S and December 24 the comet collapsed to about the 
sixteen -thousandth part of its original volume. Sir 
John Herschel foaiid in like manner that Bailey's 
comet when passing away from the san increased in 
volume upwards of fortyfold in a single week. 

The tremendous heat to which many comets are snl>- 
jected during perihelion passage is an important point . 
for consideration, in attempting to form an opinion of | 
the physical structure of comets. Kewton calculated 
that the comet of 1680 was subjected to a heat 2,000 
times greater than that of red-hot iron. Bat comets 
have been known to approach the sun even more closely. 
Sir John Herschel estimates that the comet of 1843 1 
was subjected to a heat exceeding in the proportion of 1 
24J to 1 the heat concentrated in the focus of PerkinH* I 
great lens. Yet the heat thus concentrated had euf- 'J 
6ced to melt agate, rock-crystal and cornelian. 

We cannot wonder that so great an intensity of het 
should have produced remarkable eflfects upon 
comets. The great wonder is that any comet shoul^^ 
resist the effects of such heat without being dissipate 
into space. 

We learn from Seneca that Ephorus, an ancient 1 
Greek author, mentions a comet which divided into i 



o distinct cometa. Kepler considered that two comets 
■which were seen together in 1618 had been produced 
by the division of a single comet. Cysatua noticed that 
the great comet of 161S showed obvious signs of a ten- 
dency to break up into fragments. This comet when 
first seen appeared as a circular nebulous cloud. A few 
weeks later it seemed to be divided into several distinct 
cloudiike masses. On December 20 ' it resembled a 
multitude of small stars.' 

We might doubt whether these observations were 
entitled to credit, were it not that, quite recently, Biela's 
comet has been seen to separate into two distinct 
comets, each having a nucleus, coma, and tail, and each 
of which pursued its course independently until dis- 
, tance concealed both from view. 

It is clear that nothing but a long series of careful 
■observations can put us in a position to theorise with 
picwnfideace, respecting the nature of conaets, the pro- 
6 of change which they undergo, and the functions 
Vhicb they subserve in the economy of the solar system, 

■ We may therefore dwell with particular satisfaction on 
I the fact that every comet which has appeared during the 
1 last two years has been subjected to carefijl observa- 
I tion, and that at length, by means of spectroscopic 

■ analysis, we are beginning to get hold of positive facts 
respecting comets, and have promise of shortly being 
able to form consistent theoiies with regard to these 
ringular members of the solar system. 

II have had occasion in other works to speak of 
the principles on which spectroscopic analysis depends ; 
U. L 
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but I Uuiik it liMl bridB; to rartste tiie most i 
portMBt pontB. Wms Mb opt &mu 
ob jtJtt a i B c a ii gJ ■pa ■ TniB> Itiii 1 1 is fenned what 
M eaUtd tbe piJ— tic ipa ctrMi . According to the 
oatar^ of U>e aomce of figto ttii spectrniD varies infl 
appevmncv. If the aoarcB of ligltt is &n iacaiid«sceiifcfl 
body the cprctram k s cxwiiiiBovs, isinbow-tinto^l 
itreak. Wheie tbe liglit cones brxD an incaDdeecO^H 
niam sarrDanded with cooler T^Knns. the streak ^H 
nin bow-coloured light is c ro aacJ by daric tines whoae 
position iiidicait^ tbe nstara of the Tapotirs which the 
light has traversed. When the light comes from lami- 
ooas rapom^ the spectmm consists wfaoJlj of brighk 
lines ; and these have exactly the same position as UM 
corresponding dark lines which are seen when the saxati 
vapourx intercept light from an incandescent solid mass. 
I^astly, when light ie reflected from an opaqne substance^' 
Mie HpActram is the same as that which woaid be pre- 
Minted by the light before reflection, unless the opaque 
•ulMtimce IB sarrounded by vapours, in which case the 
HjwotTum will be crossed by new dark lines correspond* 
in^ to the abw>rptive qualities exerted by those partdcn-^ 
lar vinKJurit. 

Wn nvAi then the wonderful qualities of the newf 
aiinlyniH, Applied to the sun and stars it has enabled 
our phyHiciHtH aud astronomers to pronounce as c(m- 
tlilniitly that certain elements exist in these far distantr 
orbit, as the chemist can pronounce on the constitutiott 
of MubatoiiooH submitted to hia direct analysis. The. 
quiiitiuiiM, uT tiom» of tliero, which hare been at i 
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respecting comets will undoubtedly yield to the powers 
■ of the spectroscope. The great want, at present, is a 
brilliant comet to work upon. Donati'a comet (1859J, 
or the great comet of 1861, would have served this 
purpose admirably, bat the first came in the very year 
in which the principles of spectroscopic analysis were 
first discovered ; and the powei-a of the spectroscope 
were only just beginning to be recognised when the 
comet of 18*31 made its brief visit to our northern 
skies. 

Two small comets have been analysed with the 

spectroscope, and each presented similar results. The 

Bpectrnm in each case consisted of thin bright lines on 

a (aint continuous streak of light. And from the fact 

that the bright lines did not extend across the whole 

breadth of the faint streak of light, it became evident 

that they formed the spectrum of the nucleus, the 

faint continuous spectrum belonging to the coma. 

Hence it resulted that the nucleus of each of these 

, small comets consisted of self-luminous gas, while the 

B coma either consisted of incandescent solid matter or 

K. shone by reflecting the light of the sun. The latter is 

I far the more probable hypothesis. In fact, when we 

I consider the extreme tenuity of the substance of a 

L comet, and therefore the certainty that if composed of 

r eolid matter such matter must be dispersed in very 

I minute fragments, we shall recognise the extreme 

I improbability that these fragments should be self- 

I luminous tlirough intensity of heat. If the comets 

been brighter, I may remark, there would have 
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bei-n no dubiety respecting this point, since it would 1 
have been possible to compare the continuous streak rfl 
light with the solar spertrnm, and, by the resemblance 1 
or dissimilarity of the two spectra, to det«rmine whether 1 
the coma really shines by reflecting the sun's light or I 
not. I 

Brorsen's comet has now been examined with the | 
Bpectroscope, and with results quite different from those 
which att«nded the analysis of the other two. Dr. 
Huggins, the physicist, who examined the latter, says of J 
Brorsen's comet :— j 

' It appears in the telescope as a nearly round nebn- 
losity, in which the light increases rapidly towards the 
centre, where, on some occasions, I detected, I believe, 
a small stellar nucleus. Generally, this minute nucleus 
was not to be distingnished in the bright central part 
of the comet. The spectrum consists for the most 
part of three bright bands. The length of the bands 
in the instrument shows that they are not due alona 
to the stellar nucleus, but are produced by the light 
of the brighter portions of the coma. I took some 
pains to learn the precise character of these InminouB 
bands. When the slit was wide they resembled the 
expanded lines seen in some gases. As the slit waa 
made narrow the two fainter bands appeared to fade 
out without becoming more defined. I was unable to 
resolve them into lines. The middle band, which is so ' 
much brighter than the others that it may be con- 
sidered to represent probably three-fourths, or nearly 
so, of the whole of the light which we receive from the 
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comet, appeara to possess similar characters. In this 
band, however, I detected occasionally two bright lines 
which appear to be shorter than the band, and may be 
due to the nucleus itself. . . . Besides tJiese bright 
bands there was a very faint continnous spectrum.' 

Interpreting these observations according to the 
principles which have been already stated, we deduce 
the following interesting results. 

The jMicfews of Brorsen's comet consists of luminous 
gaa. The aoma is also gaseous in the neighbourhood 
of the nucleus, but its outer portions are of a different 
character and shine by reflecting the solar light. This 
part of the coma may be either liquid or solid. There 
is nothing opposed to the supposition that it is of 
the nature of cloud — that is, that it is produced by 
the condensation of true vapour into minute liquid 
globnles. 

Returning to the consideration of the gaseous part 
of the comet the question will at once suggest itself 
what the gases may be which constitute the substance 
of the nucleus and coma. Here our information is not 
quite BO satisfactory a.^ could be desired. 

The brightest band is in the green part of the spec- 
trum, and agrees very nearly with the brightest line in 
the spectrum of nitrogen. The want of exact agree- 
ment prevents us from assuming that nitrogen really 
exists (in any form) in the substance of the comet. 
The other lines of the spectrum of nitrogen are not 
present in the spectrum of the comet : but this pecu- 
liarity is not so perplexing as the other, for it is well 
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kBotrn tliat certain lines will disappear from the 
of hydrogen, nitrogen, and other gases, nnder 
cular circumstances of iUumination. temperature, 
BO on. 

Nor is the circnmBtance that there are bands of light 
inst«ad of we!! marked lines a peculiarity which need 
cause perplexity. For under certain circumstances of 
temperature and pressure, the lines of the spectra of 
varions gases become expanded or diffused until they 
appear as bauds of light. 

The two fainter bands are yellow and blue respeo- 
tively. They cannot be identified with the lines seen 
in the spectra of any known terrestrial gases. 

Of whatever gases the nucleus is composed it appears 
that conditions wholly different from any with which 
we are familiar on earth prevail in this, and doubtless 
in all other comets. The gases which form the nncleas, 
though self-luminons, are probably not incandescent. 
Remembering that comets are luminous when situated 
far out in space beyond the orbit of our own earth, we 
are prevented from assuming the existeDce of an inten*; 
sity of heat (due to solar action) sufficient to accounfe' 
for their inherent light. And if the light of a comet 
were due to a state of incandescence in the component 
gases, there would b© a rapid consumption of the 
substance of the comet, and we should be quite 
unable to account for the fact that Halley's comet 
has continued to shine, with no appreciable loss of 
brillianoy, ffir upwards of three hundred years. Wo 
Beein forced, therefore, to surmise that the gases wl 
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Pin the snbstance of comets owe their light to a species 
of phosphorescence which is independent of the comet's 
temperatare, or else to some electrical properties the 

t nature of which it would not be easy to divine. 
I Oor perplexity is increased when we see the gaees 
■(rliich form the nuclei assuming either the liquid or 
the solid form in the outer part of the coma. The 
change from gaseity to liquidity or solidity is an evi- 
dence of loss of heat, whereas one would expect the 
Aoter part of the coma, which is exposed to the full 
intensity of the sun's action, to be the most heated 
lortion of a comet's volume. 

None of the comets which have been examined have 

Ifaad a tail, so that we are unable as yet to form any 

~ certain opinion respecting the nature of this portion of 

a comet's volume. It seems almost certain, however, 

that the tail shines by reflected light, because in every 

mown instance the tail has appeared as an extension 

1 the outer part of the coma, and may therefore be 

lected to resemble that portion of the comet in its 

[eneral characteristics. 

One of the comets which has been examined with 
the spectroscope, though it has not a visible tail, has 
been shown to have an appendage of a very remarkable 
character, recpecfing which, also, we have been able to 
iam several interesting particulars. 

In the year 1866 a telescopic comet was discovered 

J M. Tempe.l. This was the first comet examined by 

jins. Its orbit was carefully calculated by the 

man astronomer Oppolzer, and found to pass very 
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acmr the orbit of our own earth. Soon after this, Pro- 
tbBtOT Adams calculated the orbit of the November 
ifcootiug-slars ; luiii to the Eurprise of the astronomic^ 
world it WHS found that these minute bodies travel 
along the rery pnth in space which had been already 
assigned to Tenipel's comet. We need not here discuss 
the circumstances of this dist-OTerj-. Let it suffice to 
state that all astronomers who are competent to form 
nil opinion on the subject are agreed that the Novem- 
ber shootinjt-stars are certainly due to the existence of 
a long-extended Sight of cosmtcal bodies travelling in 
the track of Terapel's comet. 

Now it appears clear that this flight of cosmicaL 
bodies may be looked npou as constituting an extension 
of the comet — an invisible train, as it were. But for the 
accident that the comet's track intersects the earth'i 
path in sp;ici>, we should have remained for ever igno- 
rant of the fact that the comet has any other esteut 
than that which is indicated by its telescopic figure. 
Now, however, that we know otherwise, we recognise 
the probability that other comets which have been 
looked uiwn as tailless may have invisible extensions 
i-eaching far behind them into space, or even completely 
around their orbit. 

But the members of the November shooting-star 
hvfitem have been subjected to spectroscopic analysis. 
We know that they contain several terrestrial elements; 
ami we recognise the probability that if we could 
esamiue one of them before its destruction (in tra- 
vtiraing ouv own atmosphere) we should find a close 



: in its oonstitotion to that of titose »^[\>- 
Utea OT meteorites which have reached the surface of 
tbe earth. 

Bnt here we encounter a new difficulty. One theory 
respecting the tails of comets has accounted for tlieiu 
bv the Huppositioa of a propalsive effect exerted by the 
solar rays; and another theory has ascribed them to thu 
action of vapours t^cendiag in the solar atmospher*. 
But if the tails of comets really consist of solid matter 
veiy widely dispersed, it must be quite evident that 
neither of these causes could suffice to account for the 
great extension of these appendages. Then the rapid 
manner in which the tails seem to be formed reiuaius 
wholly mysterious. And we are also left without any 
explanation of the rapid change of position exbibik'd by 
the tail while the comet is sweeping around the suu 
at the time of nearest approach to that luminary. 
Sir John Herachel compared this motion to that of a 
I Btick whirled round by the liandle — the whole extent 
I of the tail partaking in the movement as if comet and 
tail formed a rigid mass. 

The difBcultiea here discussed seem in the present 
I state of our knowledge wholly insoluble. In fact, it 
ble even to conceive of a solution to the 
I last mentioned phenomenon, so long as we look upon 
' the comet's tail as a distinct unvarying entity. For 
instance, if the tail, a hundred millions of miles long, 
. which extended backwards from Halley's comet before 
I perihelion passage, consisted of the same matter as the 
tail which projected forwards to the same extent a few 



154 ^"^T* SCISXCJS FOB LBZaUSS BOVMS 

dnys later, then certainly there ia nothing in onr pre-'*! 
eent experience of matter and its relations wliich ran 
enable us to deal wifh so astounding a phenomenon. 
It will be nnderetood, of conrse, Sir John Herechel does 
not Bay in so many words, that the tail of Halley'a 
eomet was brandished round in the manner described 
above, but tliat, although it appeared to move in 
this manner, it is impossible so to conceive of its 
motion. 

We refrain, however, firoin speokin^ fnrthex on a 
point respecting which we have no means of reasoning 
satisfactorily. Mere guess-work ia an altogether 
unprofitable resource in the discussion of scientific 
matters. 

Now that we have so powerful an instrument of 
research as the spectroscope, there really eeems hope 
that even the hitherto inscrutable mysteries presented 
by comets' tails may one day be interpreted. Each 
comet which has been subjected to spectroscopic 
analysis has revealed something new. Observations, 
such as those which have been made on Brorsen's comet, 
and on the two telescopic comets previously examined 
by Dr. Hoggins, are not merely valuable in themselves, 
but as affording promiae of what may be achieved when 
some brilliant comet shall be subjected to spectroscopic 
analysis. When we consider that all the comets yet 
examined have been absolutely invisible to the naked 
eye on the darkest night, whereas several of the great 
comets have blazed forth as the most conspicuous 
objects in the heavens, and have even been visible in 
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the full splendour of the midday Bnn, we see good 
reason for the hope that iar fnller information will be 
gained respecting the structure of comets so soon as 
one of the more important members of the family shall 
have paid us a visit. 

Whenever such an event may happen it is not likely 
to find our spectre scopists unprepared, It ia probable 
that, before long, every important observatory will be 
supplied with spectroscopes. Already some of the most 
powerful telescopes in use have been fitted with them. 
We hear also, that the giant reflector of the Paraona- 
town Observatory — commonly known as the Roaae tele- 
scope — has been armed with a spectroscope especially 
constructed for the purpose by Mr. Browning, F.R.A.S., 
the optician. Not only in England, but at the prin- 
Mpat Continental observatories, spectroscopic work is in 
progress, and observers are daily becoming more and 
more familiar with the powers of the new analysis. 
Stars which are far too small to be viewed by the 
naked eye have already been examined with the spec- 
troscope. The Padre Secchi at Rome has just pub- 
lished a list of minute red stars thus examined. It ia 
such delicate work as this which will fit observers to 
deal with the difficulties involved in the spectioacopic 
analysis of comets. 

We shall see when we come to deal with the second 
comet of the year 1868, that we have yet better reason 
than the analysis of Brorsen's comet has aiForded for 
hoping that before long we may have interesting and 
exact information respecting the structure of these 
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laysterioua wanderers.' We may evea hope to gMtl 
some knowledge respecting the parposea which comets 
subserve in the economy of the solar and sidereal 



PAHT U. — WTSNECKES COMET. 

Is the preceding pages I have described the principal 
features presented by comets as they approach and pass 
away from the neighbourhood of the sun. Tlie various 
hypotheses which have been put forward to account for 
these peculiarities must now for a brief space claim our 
attention. Although we are far from being in a posi- 
tion to theorise with any confidence respecting ■ 
nature of comets, and still less as to the purposes whii^ 
they subserve in the economy of nature, yet tlie ( 
vationa made upon the second comet of the year 18i 
have resulted in a positive discovery which may b 
as a standpoint, so to speak, whence we can examine 
somewhat more confidently than of old, the various 
theories which have suggested themselves to those who 
have studied cometic phenomena. J 

In considering these hypotheses we have to distioifl 
guish between the views which have been entertained'' 
respecting the nucleus and coma, and those which 
regard the less intelligible phenomena presented by 

' I have left these passages unaltered. It must be remembered, 
however, that they were written in 18G9. Since then, besides several 
small comets, the comets of 1B74 and of the present year (1831) have 
been examined with the spectroscope. Thus far, all comets bo exam.- 
ined have shown, besides faint continuous spectra indicating tliat 
they shine partly by reflected light, either the gaseous apeotnim of 
Biorsen's comet, or that of Winnecke's, as described in the text. 
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■iie tail. This remark may seem trite and obvious, 
wnt in reality the two classes of hypotheses are found 
fcingutarly confounded together in many works on 
Bpopular astronomy. Let it be understood, then, that 
Brhen, in speaking of an hypothesis respecting comets, 
Bdo special mention is made of the tail, it is to he assumed 
Wiat the hypothesis apphea solely to the head of the 
feomet. The same holds, by the way, with reference to 
Khe phenomena presented by comets. For instance, 
■(Then we said in the paper on Comet I, that comets 
TOTOW smaller as they approach the sun, the remark was 
HO be understood to apply to the volume of the head, 
not to the whole space occupied by the head and tail. 
Hbi fact, it would have been impossible to assert any- 
thing with respect to the volumes of comets' tails, inas- 
much as the apparent extent of these appendages varies 
according to the atmospheric conditions (humidity, 
clearness, and so on) under which the comet is observed, 
and also according to the light-gathering power of tJie 
observer's telescope. 

To return, however, to the theories which have been 
formed respecting comets. 

It has been commonly admitted that the sohstance 
of which comets are composed is either wholly or prin- 
cipally gaseous. In no other way, it should seem, can 
the remarkable variations of appearance which comets 
present as they approach the sun or recede from him he 
reasonably accounted for. 

Kepler held that comets are wholly gaseous, and 
that they are liable to be dissipated in space by the 
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flun'e action. He supptised that the process of evaporafl 
tioa which thus led to the destruction of a comet was 
carried on through the medium of the tail. It need 
hardly l)e said that modem observations are completely 
opiMsed to this view. Comets have been seen to retuiSH 
again and again to the neighbourhood of the snn witk-fl 
out any apparent diminution of volume, although at 
each return a tail of considerable length has been 
thrown out. For a long time, indeed, it was thought 
that Halley'a comet was gradually diminishing in J 
volume ; but at the last return this magnificent objedra 
had recovered all its pristine splendour. 

Newton held, on the contrary, that comets are 
partly composed of solid matter. He supposed that 
only the gaseous matter was affected to any noteworthy 
extent by the action of the sun's heat, Kaised from the 
solid nucleus the vaporised particles passed first into 
the coma, he imagined, and were thence carried off into 
space to form the comet's tail. Others so far modified 
Newton's views as to suggest that the vaporised matter 
is not wholly canied off, but partially re-precipitated 
upon the head of the coraet, just as the vapours raised 
from the ocean are precipitated upon the earth in the, 
form of rain. 

We have seen that a comet diminishes in volume B 
it approaches the sun. It will be noticed that 1 
the theories which have been described would acconitftj 
satisfactorily for the observed decrease of volume. 
But neither of them gives any satisfactory explanation 
of the fact that a comet recovers its original volume aa 



it departs from the bud's neigbbourhood. Newton, in- 
deed, put forward certain views respecting the emission 
of amoke from the nuclens during perihelion passage, 
and he aurmised that the true dimensions of the comet 
might in this manner be veiled to a certain extent ; 
but this part of his theory has the disadvantage of 
being almost unintelligible, besides being wholly in- 
Bufficient to account for the reijidar diminution and 
increase which attend the approach and recession of a 
comet. 

I A theory has lately been put forward by M. Valz 
which accounts for the variation of a comet's volnme 
by the supposition that the solar atmosphere exerts a 
power of compression, which, varying with that atmo- 
sphere's density, is most effective in the sun's neighbour- 
hood. We know, for instance, that a balloon must not 
he fully inflated at first rising, because when it reaches 
the upper regions of air, where there is less compres- 
sion, the enclosed gas expands, and would burst the 
silk if the balloon had been fiilly filled at first. And 
MFtAinly, on the somewhat bold assumption that the 
K)lar atmosphere extends outwards to those regions in 

' which the observed change of volume takes place, and 
on the additional and equally bold supposition that 
comets are surrounded with a film of some sort per- 
forming the same function as the silk of the balloon 
(or that in some other way the substance of the comet 
is prevented from intermingling with the substance of 

I the solar atmosphere), the theory of M. Valz would . 
iave a certain air of probability. Even then, however, 
L - 
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it vonld be insufGcient to accoQnt for tlie enormoi 
extent to which the variation has been observed 
proceed. 

The only probable explanation of the variation in' 
question is that which is put forward by Sir John 
Herschel in his admirable work on the southern 
heavens. During his stay at the Cape of Good Hope 
he had an opportunity of observing the recession of 
Halley'a comet, and he discusses the phenomena with 
admirable acumen and judgment. The result at which 
he arrives appears to afford a simple and rational ex- 
planation of the observed phenomena. He supposes 
that as a comet approaches the sun the action of the 
solar heat transforms the nebulous substance of the 
comet into invisible vapour. This action progressing 
from without inwards, of course produces an apparent 
diminution of volume. The diminution continues as 
long as the comet is approaching the sun, and for yet 
a few days after perihelion passage ; but soon after the 
comet has begun to leave the sun's neighbourhood the 
transparent vapour begins to return to its original 
condition, the solar action being insufficient to keep 
the whole of the vaporised matter in the gaseous state. 
Thus the comet gradually resumes its original appa-l 
rent dimenaiona. 

There are few phenomena which have given rise I 
more speculation than those presented by the tails j 
comets. Astronomers, who, in dealing with o 
matters, have exhibited the soundest judgment, 
the most logical accuracy of argument, seem to feel f 






indalge in the most fanciful speculations when deal- 
r with this subject. 

. A favourite theory with the earlier astronomers was 

innded on the observed peculiarity that the tails of 

imets are usually turned directly from the sun. It was 

pposed that the tail is not a really esis1«nt entity, 

merely indicates the passage of the solar rays 

ingb space, after tbeir condensation by the spherical 

of the comet. Just as a light received into a dart 

room through a small aperture appears as a long ray 

extending in a straight line through the room, so, 

according to this theory, the sun's light, concentrated 

by the comet's head, throws a long luminous beam into 

space. Unfortunately for this view there is a want of 

lalc^ between the two cases thos brought into com- 

.rison. The light shining into a room produces the 

appearance of a ray because it illuminates the air and 

the small particles of floating dust which it encounters 

in its passage. There is nothing corresponding to this 

in the interplanetary spaces. If there were, the sty 

would never appear blact, since the sun would always 

be shining on matter capable of reflecting his rays. 

Kepler was the first to form a reasonable hypothesis 

respecting comets' tails. He supposed that the action of 

the solar heat dissipates and breats up a comet's sub- 

The rarer portions are continually swept away, 

imagined, by the propulsive energy of the solar rays, 

id are swept in this way to enormous distances from 

Lfi comet's head. The denser portions remain around 

nucleus and form the coma. 
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The modem theory reHpecting light (accordiEig t 
whicli there is no propnlsiou of matter from the bud, 
bat a simple propagation of wave-like Tuotion) does 
not affect Kepler's hypothesis so much as might be 
imagined. Whatever theory of light we adopt we arfrJ 
forced to assume an estreme tenuity in the matte0;l 
which forms the tails of comets. And when once wb 
have made this assumption, we are enabled to admit 
that even the propagation of a wave-like motion 
through the ether which is supposed to occupy the 
interplanetary spaces, might suffice to carry off the 
attenuated nebulous matter with tremendous rapidity. 

The defect of Kepler's theory is that it appi 
insufficient to account for those anomalous 
formations which were referred to in our paper ( 
Comet I. 

Newton's hypothesis respecting comets' tails i 
somewhat different. He supposed that the iutenselyfl 
heated comet commuuicated its heat to the surroundings 
ether, which thus grew rarer and ascended in the sola 
atmosphere — that is, flowed away from the sun — ^pM 
cisely as heated air ascends from the earth. The ethee 
thus displaced would carry away with it the rarer p<n>a 
tions of the comet's substance, just a.s smoke is camM^I 
upwards by a current of heated air. 

It will be seen at once that Newton's theory, ] 
Kepler's, affords no explanation of lateral tails, or of t£ 
turned towards the sun. 

In modem times a theory has been founded on 1 
supposition that oometic phenomena may be due ■ 
electrical agency. The German astronomer Olbers ti 
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one of the first to propound this view, and many emi- 
nent astroEomers — amongst others the younger Herechel 
—have looked with favour upon the theory. As yet, 
however, we do not know enough respecting electricity 
to accept with confidence any theory of comet-s founded 
upon its ^ency. 

The comet respecting which 1 now have to treat 
was discovered in the middle of June 1868, by Win- 
necke. At first it was a telescopic object, but it 
gradually increased in brilliancy until it became visible 
to the nuaided eye. In the telescope, at the end of 
Jnne, the comet appeared as a circular cloud rather 
brighter in the middle, where there was a roundish spot 
of light. A tail could be traced to a distance of about 
one degree from the nucleus. 

Dr. Huggins quickly subjected the new arrival to 
Bjpectroscopic analysia. The result, at first sight, seemed 
to differ little from that which had been noticed in the 
case of Brorsen's comet. Indeed, the astronomers at 
the Paris Observatory and the Padre Secchi at Rome 
were led to pronounce the spectra of the two comets to 
be absolutely identical. The more powerful apectro- 
flcopic appliances employed by Dr. Huggins, however, 
exhibited important differences , 

The spectrum consisted of three bands of light 
separated by dark intervals. Of these bands two were 
greenish blue, the other greenish yellow. The two 
former were tongue-shaped, the last was narrowed off 
at both extremities. 

From what I have said above respecting the nature 
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of HpectroBcopic analysis, it will be anderstood that tlMn 
ilistribation of the comet's light aloDg the length of 
tlie apectriun is the most important circamstance to be 
attended to in endeavouring to form an estimate of the 
enbstance of the comet. But as we see that there are, 
in this instance, peculiarities affecting the breadth of 
the spectrum, it will be well briefly to consider their 
meaning. The matter is, in reality, simple enough, 
but requires a little attention. 

The breadth of the spectrum corresponds to the 
breadth of the object which is the source of light. If 
that object is uniformly bright the spectrum is also 
uniformly bright across its breadth, whatever variations 
may exist in the direction of its length. But if the 
object is brighter in some parts of its breadth than in 
others, the spectrum will show corresponding variations 
of brilliancy across its breadth. Hitherto we have been 
assuming that all the light from the object is of the 
same kind, however it may vary in brilliancy. Suppose, 
however, that the light from the middle of the object . 
gives one kind of spectrum, the light from the outatB 
parte another ; then the spectrum will vary in u/ioracirf^ 
aa well aa in brilbancy across its breadth. Suppose, for 
example, that the middle of the object is gaseous while 
the outer parts are solid or liquid, then the appearance 
presented would be two thin streaks of rainbow-tinted 
light, separated by a dark space ' across which would 
' Our readers will, of course, understand that a sUee only of tlia 
olDject is brooght under Hpeotrosoopio analysis at once. IE the mlmU 
of a circular object, whose centre was gaseons, were examined at onoa, 
the middle streak of tiie spectrum wonld exhibit the componnd spao- 
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be seen the bright liaes belonging to the gaseous central 
part of the luminous object. 

Now the breadth of the spectram seen by Dr. 
Hnggins corresponded with the breadth of the coma so 
far as the widest parts of the tongue-shaped bands were 
concerned. But the narrower parts were about the 
width of the nucleus. Therefore the first question to 
be decided was this, — la the narrowing of these bands 
of light towards one extremity, and of the other to- 
wards both extremities, to be considered as indicative 
of any difierence in chairaeter between the light emitted 
iy the nucleas and that emitted by the coma ? At first 
sight it seems that no other conclusion could be come 
to. But a little consideration enabled Dr. Huggins to 
arrive at a different result. The tongue-shaped bands 
were not only narrower but very much fainter towards 
one end. They were also fainter along their outer 
edges, on account, of course, of the faintness of the 
coma as compared with the nucleus. Now it was 
possible that the narrowing down of the bands might 
be only apparent, and due to the fact that their outer 
parts, though really existent, became invisible at the 
fiiinter end. And there were two modes of attacking 
the question. First, the observer could determine by a 
careful inspection whether the light at the narrower 
end of the tongues was so faint that it ought to disap- 
pear at the edges merely by undergoing the same sort 

tmm of the edg^ and centre of the object. Such an arrangement 
wonld clearly be unfavonrable to the formation of olear views re- 
Bpecthig the character of the object's light. 



of redaction as tlie brighter light at the broader end of 
the longue : this would show that the coma does not 
differ in constitution from the nucleus. Secondly, if 
the strip brought under examination were narrowed by 
any contrivaace, it ia clear that any difference which 
might exist in the constitution of the coma and of the 
nucleus ought to be exhibited in a more marked 
manner, 

Dr. Hoggins applied both methods, and each resulted 
in showing tbat the nucleus has the same constitution 
as the coma, excepting only that the exterior part of 
the coma seems to give a continuous spectrum. In 
other words, tlie nucleus and all the coma except its- J 
outer shell consist of the same incandescent vapourj; 
but the outer shell of the coma either consists of ia 
candescent solid or liquid matter, or shines by redei 
the solar rays. 

So far, however, there is little in the spectroscopic 
analysis wliich differs in character from what had been 
observed respecting BroTsen's comet. But we have now 
to record one of the moat startling discoveries ever mads:!^ 
respecting comets. m 

Dr. Huggins was reminded by the appearance of the 
cometic spectrum of a form of the spectrum of carbon 
which he had observed in the year 186-1-. It must be 
premised that the spectrum of an element often assumes 
a different form according to the circumstances under 
which it is obtained. Amongst the objects which have 
spect.ra thus variable is the element carbon. The pv^a 
ticular form of carbon- spectrum which resembled ( 
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f the comet is that obtained when an electric spark is 
taken throngh defiant gas — a snbstance which, as manj 
of my readers are doubtless aware, eonaiste of carbon 
and hydrogen, and is one of the constitnents of ordinary 
Of course the spectrum of olefiant gas es- 
ybits the bright lines belonging to hydrogen; bat as 
lese are well known, the part of the spectrum belong- 
r to carbon also becomes determinable. 
Having noticed, as we said, the resemblance between 
the spectrum of the comet and a form of the carbon 
spectrum, Dr. Huggins determined to compare the two 
spectra directly. We have not space to explain the 
»ntrivance3 by which this was effected. Suffice it to 
pay, that when the two spectra -were brought side by side 
t appeared that in place of mere resemblance there was 
olnte identity. The bands of light which fonned 
lllie comet's spectrum were foand not only to coincide 
in position with those which appeared in the spectrum 
of olefiant gas, but to present the same relative bright- 
ness. Two days later the observations were repeated 
f Dr. Huggins in company with Professor Millex (who 
1 been associated with him in his earlier spectroscopic 
labours), and both observers agreed in the opinion that 
lite coincidence between the spectra (»uld not be more 



The reader will, of course, understand that the hydro- 
jen lines belonging to the spectrum of olefiant gas are 
lot seen in the spectrum of the comet. 

' The other constituent is 'firB-dainp,' also a coropounil of carbon 
i hydrogen, Olefiant gas is commonly called heavy carbnretted 
^n, while fire-damp is termed light oarbaretted hydrogen. 
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Now only one interpretation can be put on this 
remarkable result, and that is that Winnecke's comet 
consists of the incandeacent vapour of carbon,— rtol 
of burning carbon, be it understood, but of volatilised 
carbon. 

Bat carbon, as wo are acquainted with it on earthy! 
is a. substance whoso chief peculiarity, perhaps, 
fixity at ordinary temperatures ; and no phenomenoi 
hitherto presented by comets is more perplexing thi 
the existence of volatilised carbon as the main or onlyB 
constituent of a comet of enormous real bulk, whenj 
that comet was not so near to the sun as 
(one could suppose) to an extraordinarily high tempera- ■ 
ture. There have been cases where comets have t 
80 near to the sun ae to account for almost any c 
ceivable change in the constitution of their i 
An intensity of heat of which we can form no con- 
ception must have been experienced, for example, by 
Newton's comet ; and a still fiercer heat dissipated the 
substance of the comet of 1843. But Winnecke's , 
comet at the time of observation was at far too great I 
a distance &om the sun for us to assign to its mass a. I 
temperature which under ordinary circumstances would'l 
account for the volatilisation of carbon. 

Nor does the rarity of the atmosphere in which thai 
comet was moving serve to help us in our difficulty. . I 
Doubtless we are little familiar with the effects whicli I 
terrestrial elements would experience if they were dis- I 
tributed freely in the ether occupying the interplanetary | 
spaces. But so far as our experience enables us to-J 
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Hndge, we should rather look for intensity of cold than 
f heat under such circumat-ances. We see the heights 
if the Andes and of the Himalayas clothed in perpetual 
, though day after day the fierce heat of the tro- 
pica! aim poiira down upon them., and though there is no 
winter there (in our sense of the word) during which 
tte snows are accumulated. We know that the explana- 
tion of this peculiarity lies in the extreme rarity of the 
air at a great height. It seems, therefore, reasonable 
to conclude that the cold of the interplanetary spaces 
must be far greater. Yet here we have an object whose 
light comes from the incandescent vapour of so fixed 
and unchangeable a substance as carbon, and thus, in 
place of an almost inconceivable intensity of cold, we 
find the evidence of intense heat. 

It seems impossible, at present, to suggest any 
explanation of the observed phenomena. That carbon 
exists out yonder in space in the state of luminous gas 
or vapour, is the one fact of which alone we can 
be certain. Dr. Huggina in his treatment of this fact 
suggests the possibility that the carbon may be divided 
into particles so minute, that as the comet approaches 
the sun, more of the sun's heat is gathered up, so to 
Bpeak, and that thus the carbon is volatilised. He also 
points to phenomena of phosphorescence and fluor- 
escence in illustration of the appearance presented by 
the comet's spectrum, but without suggesting any 

Lassociation between these phenomena and those pre- 

PBsnted by comets. 

One cannot help associating the new views thus 
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opened out to us respecting comets, with the discovery 
recently made that the meteoric bodies which flash 
eingly or in showers across our skies belong in reality 
to the trains of comets. We have now every reason to 
believe that there is not a single member of the me- 
teoric systems, not a single aBrolite, bolide, or fire-ball, 
that has not belonged ouce upon a time to a comet. 
'ITie evidence on which this view is founded, thoogh it 
may seem insufiicient at a first glance, is almost ir- 
resistible to those who can appreciat« its significance. 
Let us briefly recapitulate the facts. 

It has been proved that shooting-stars come &om 
the interplanetary spaces, that they form systems, and 
that these systems travel in regular elliptical orbita 
about the sun. Two of the Hystems produce striking 
meteoric displays, viz, the system encountered by the 
earth on or about August 10, and the system encoun- 
tered on or about November 13. Now it had been 
suggested that the members of the former system 
follow the track of the conspicuous comet which made 
its appearance in the year 1862 ; and it was proved 
that, assuming the orbit of the meteors to be very 
eccentric, and assigning to them a period of 147 years 
{that of the comet), their motions corresponded in the 
most remarkable manner with the orbital track of the 
comet. In fact, the agreement was so close that very 
few who had examined the question could believe it to 
be accidental. But there were two objections on which 
some stress was laid. First, it had been necessary to 
make asaumptions respecting the motion of the meteors ; 
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feecondly, those assumptions were not i-entlered probable 
H^ anything which had beea proved respecting any 
■meteoric system. The esamination of the November 
Bttar-shower by a host of eminent mathematicians in 
■866—67 led to resnits which at once removed these 
febjections, and bronght new evidence — and that of 
nhe most striking character — in favour of the theory 
k£hat comets and meteors are ELSsoeiated. It had been 
bnpposed that the November meteors travelled in a 
HBearly circular orbit within a period of somewhat leas 
Milan a year. Adams proved that they travel in an orbit 
Mitending far out into space beyond the orbit of distant 
BClranna. And the period of this orbit was calculated 
Fto be 33^ yeai-s. Here, then, was strong confirmatory 
evidence in favour of the elliptic orbit and the long 
period assigned, by way of assumption, to the August 
_ meteors. But this was far from being all. Astrono- 
mers looked for a comet to be associated with the 
November meteors : and they found one — a small one, 
i true, but with a well-defined character — ^an orbit 
Icalculated beyond suspicion of important error, and 
K«greeing so closely in its motions with those of the 
■^November meteors that the chances were millions on 
■jBoillions to one against the coincidence being acci- 
■<lental. It hardly reqnired, after this, that an associa- 
. should be pointed out between other meteor- 
tems and other comets. Yet this has been done, 
md thus that which had already been demonstrated 
(was illustrated by new proofs. We may say that 
lobhing which men of science have dealt with has 
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ever been more satisfactorily proved than the foL-t that 
meteors are the attendauts on comets. 

Now, how meteors are thrown off from cometie 
nuclei we are not yet ahle to say. They differ wholly 
in character from their source, and thus we learn that 
the gaseous nature of wjmetic nuclei is due to the 
action of causes connected with those to which the 
nuclear structure of the comet's head is due. But 
whether the first formation of meteoric ayatems is 
BBSocittteJ in any way with the processes which result 
in the formation of a comet's tail, is not quite so clear. 
As yet no comet which has had a brilliant tail has been 
subjected to spectroscopic analysis, so that we cannot 
pronounce with any certainty respecting the structure 
of these singular appendages. Some astronomers are 
disposed to look on the formation of a track of meteors 
all round the orbit of a comet as due to the action 
of influences by which parts of the comet's mass are . 
thrown into orbits of slightly longer period than that 
of the head, though closely resembling that orbit in i 
figure. Be this a& it may, it is certain that the great | 
contrast in character between the meteoric bodies 
which form the train of a comet, and the gaseous 
nucleus and coma, remains yet among the mysteries 
which astronomera have been unable to clear up. 

But so soon as it had been shown that a comet's 
head is formed of a certain well-known terrestrial 1 
substance, it was natural that the question should be ] 
asked whether this substance is to be found in meteors. 
Hitherto no great progress has been made in deter- J 
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^Kiining the elementary constitution of meteora wliich 
B^ve not actually fallen upon the earth. It is so difE- 
■•cnlt to catch them during their brief transit across onr 
■skies that only a few substances, aa sodium, phosphorus, 
fcnagnesinm, and so on, have been shown with any 
fcl5>pearaBce of probability to exist in shooting- stars. 
■Certainly carbon is not among the number of those 
•■elements which have been detectied in this way. But 
Lat a recent meeting of the Astronomical Society, it 

■ was stated that several aerolites contain carbon in their 
Iratructure, and Dr. De la Rue offered a fragment of 

■ «ne of these to Dr. Huggins for analysis. Certainly 
■& strange circumstance that an astronomer who had 
Btoialysed the structure of a body millions of miles away 

from the earth, should take into his hands und subject 
to chemical analysis a fragment which had once in all 
probability belonged to a similar comet ! 

In conclusion, I must notice that there has been a 

martable absence dnring the past few years of those 

(ibrilliant and long-tailed comets which alone seem 

lalculated to afford the spectroscopist the means of 

mswering some of the difficult questions suggested 

[above. The tail of Winnecke'a comet was too faint to 

Ifive a visible spectrum. In fact, the comet itself was 

tJyjuat visible to the naked eye. When a blazing 

mbject like Donati's comet or the comet of 18G1 comes 

D be subjected to spectroscopic analysis, we may hope 

for an amount of information compared with which 

^at hitherto obtained is probably altogether insig- 
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COMETS OF SHORT PERIOD. 

It is related by ApoUoniTia the Myndian, that the 
Chaldean astronomers held comets to be bodies which 
travel in extended orbits around the solar system. 
' The Chaldeans spoke of comets,' he says, ' as of tra- 
vellers, penetrating far into the upper celestial spaces/ 
He adds, that those ancient astronomers were even able 
to predict the return of comets. How far it may be 
safe to accept the statements of ApoUonius is uncer- 
tain. He ascribed other powers to the Chaldeans, 
which we may fairly doubt their possession — for in- 
stance, the power of predicting earthquakes and floods. 
In fact, there is so marked a disposition among ancient 
writers to exaggerate the acquisitions of Chaldean 
astronomers, that it becomes extremely difficult to dis- 
tinguish truth from falsehood. Still, there is sufficient 
evidence of their skill and patience as observers, tof 
render it fully possible that they may have discoveradj 
the periodicity of one or two comets. 

But until the rise of modern astronomy, the opinion. 
which was almost universally held respecting 
was that of Aristotle, that they are of the same nature 
as meteors or shooting-stars, existing either in the air 
not far above the clouds, or certainly far below the 
moon. 

The discovery of the periodicity of Halley's comet 
following quickly on Newton's announcement of the 
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Hiw of gravitation, led aafcronomera to examine the 
orbits of all the comets whicli bewime visible, with the 
hope of finding that some of these bodies may be tra- 
velling in re-entering paths. But inasmuch aa none 
of the brilliant comets of whose appearance records had 
been preserved seemed to have ever revisited the earth 
save Halley's alone, while even Halley's travelled in an 
orbit of enormous extent, an orbit which reached out 
in space more than three times as far as the orbit of 
the most distant known planet., astronomers held that 
the ordy kind of path which they might expect a comet 
to pursue was a long oval. They accordingly con- 
fined their calculations, and limited the invention of 
new mathematical processes, to the case of very eccen- 

E" ; orbite. 
But in 1770 a comet appeared which led astrono- 
ra to form wholly new views. No orbit which could 
be devised (subject to the above-mentioned condition) 
conld be reconciled with the motions of the new arrival. 
At length the astronomer Lexell discovered that the 
path of the comet was not an oval of extreme eccen- 
tricity, but an ellipse of anch a figure that the comet's 
period of revolution was less than six years. But here 
a difficulty arose. The comet was sufficiently conspi- 
cuous ; and it was asked, how could such an object 
have gone on circulating so rapidly around the sun, 
and yet have remained undiscovered ? A very singular 
BBult rewarded the inquiry into this question. It was 
L that the aphehou of the comet's path lay just 
ie the orbit of Jupiter ; and, further, that when 
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the «)inet was last in aphelion, Jopiter was quite close 
in it. Thus it became clear that the comet had been 
travelling in another, an<] donbtlees mnch wider orbit, 
when its motions hnd bronght it into the neighbonr- 
hood of the planet Jupiter — the giant of the solar 
sjTBtem. The comet had actually approached the planet 
nearer than his fourth satellite. 'It had intruded,' 
says Sir J. Herschel, ' an uninvited member into his 
family circle.' 

The result of this close appulse may be readily oon- 
cfiveil. Just as HalJey's comet, when close to the snn, 
sweeps rapidly round him — that is, in a sharply curved 
path — so the new comet's path was sharply bent around 
the temporary focns formed by the great planet. But 
just as Halleya comet, after perihelion passage, moves 
away from the snn, so Lexell's comet, after what may 
be termed perijovian passage, moved away from Jupiter, 
and passed again within the sun's attraction. From 
this time the comet began to follow a new orbit around 
the sun. This new orbit was an oval of moderate , 
eccentricit;-, round which the comet travelled in aboot I 
five and a half years. 

At the next return of the comet to perihelion, im 
was not likely that astrouomers would obtain a view q 
it ; for, on account of the odd half-year in its period, ■ 
came to perihelion when the earth held a point in I 
orbit exactly opposite to that which she had occupidj 
at the comet's former perihelion passage; therefor 
the comet which before was favourably, wi 
favourably situated for observation. 
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As the period for the comet's second return ap- 
proached, astroaomera looked out eagerly for its advent. 
Again and again the heavens were ' swept ' for the 
faint speck of nebnloua light which shonld have an- 
nonnced the return of the wanderer. But days, and 
weeks, and months passed, until it became certain 
that either the comet had been shorn of nearly all its 
former brilliancy, and had thus escaped unnoticed, or 
that something had happened to deflect it from its 
conrao. 

The last alternative appeared so much the more 
probable one, that mathematicians began to examine 
tte path of the comet, to see wkether it had approached 
so near to any disturbing body as to have been driven 
from its recently adopted orbit. The examination was 
soon rewarded with success. If we consider the nature 
of orbital motion, we shall at once see that, so long as 
Lexell's comet was subjected to no new disturbing 
attractions, it was compelled, once in every revolution, 
to return to the scene of its former encounter with the 
planet Jupiter. This return was fraught with danger 
to the stability of the comet's motions. So long as 
Jupiter was not near that particular part of his orbit 
at which the encounter had taken place, the comet was 
free to pass the point of danger, and return towards 
the sun ; but if ever it should happen that Jupiter was 
close at hand when the comet approached his orbit, 
then the comet would be as liable to have its motions 
disarranged as at the original encounter. It happened 
that the period of the comet's motion in its new orbit 






17S UGMT KIEXCM FOR LEISURE SOURS 

««c ^hmM eiaalj UBe-4i«Jf of Japiter's pent 
TUa nm aaSmtxambe^ maoe it dearly follows that, 
■ hit tha enact had tevolTed fann, Japiter had re- 
volncl OMO ramd tk idii- Thns tlie comet again 
^nwyMintTi T** Ae pbaet, with what exart result has 
Derer beoonK known ; hot certainly with this general 
remit, thkt the cotnet's movementa were completely 
disanxnged. It has aemr Rtamed to the neighboni- 
bood of the e«jth. 

We may look iipoD Lezell*a as the first discovered 
cotneC of ahort period ; for although it was sever seen 
aAer its first lisit, yet nothing can be more certain 
than that it did actually retain once, and that it 
went twice roond its new orbit. Indeed, if it has 
not been afaeorbed by Jnpiter — a very unlikely con- 
tingency — it must still be revolving in space with an 
orbit which brings it. once in each revolntion, to the 
scene of its framer encounters. The jt^/ure of its orbit 
may be altered ^;un and again by encoonters with 
Jupiter; bnt each new orbit must traverse this dan- 
gerous point. This follows directly from the lans of 
orbital motion around an attracting centre. A body 
will continue to revolve in any orbit along which It 
has once begun to move, unless it is acted upon by 
Home extraneous force. Accordingly, if at any point 
of itH path an extraneous force suddenly disturb its 
motion, the disturbed orbit cannot fail to pass tlirougli 
the point of disturbance. Thus the body may again 
fall under the influence of the disturbing agent, and be 
'■-iiiUKuI U) move in yet another orbit through the same 
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wint. And in the course of millions of years, a body 
might thus travel in a hundred different orbits, all 
passing through a common point. There is, indeed, 
one way in which Lexell's comet might have escaped 
from Jupiter's control. If, after one of its encounters 
with Jupiter, it happened to pursue a path which 
hronght it very nearly into contact with Saturn or some 
Bother large planet, it might be compelled thenceforth 
m ita allegiance to Jupiter. But the proba- 
ality of this happening to a comet which had once got 
Into the toils may he reckoned ' almost at naked 
lothing.' 

We have been careful ta dwell on this point for a 
jon which will appear presently. 
The search for Lexell's comet led to the discovery of 
a considerable namber of nebulte ; and the discovery 
of nebulte led in turn to the discovery of another comet 
of small period. In 1 78C M6chain announced to Mes- 
sier (who had constructed a list of 103 nebuiffi) that he 
bad discovered a nebulous object. This turned out to 
be a telescopic comet. It was again seen by Mias 
Caroline Herschel in 1795, by Tliulis in 1805, and by 
Pons in 1818. All this time no suspicion had arisen 
that these observers had seen the same object. But in 
1818 the comet remained in view so long that it became 
•■ to calculate its orbit. This was done by the 
fennan mathematician Encke, who found that the 
orbit is an ellipse, and the period of revolution about 
iree years and four months. He found, after a labori- 
i process of calculation, that it could be no other 



l8o LIOllT HCIEXVE FOR LEISURE SOURS 

tliaa the objwt that attracted attention in 1786. 1795, 
aiid ISOo. Kncke then applied himself to calculate 
tbv next retom of tlie comet, which he did go saccefis- 
fullj that astronomers have continued to call b<r his 
name the object whose mottuns he had been the first to 
interpret. 

Encke's comet was eeen by one observer only in 
1S22, as it was not favourably situated for observation 
iu the northern hemisphere — that observer was SI. 
Riiniker, who followed the comet for three weeks at 
the private observatory of Sir T. M. Brialiane at Para- 
matta. Jn 182j, the comet was detected by several 
independent obser\'er8. It was seen again in 182S, 
being detected by two observers — Harding at GOttin- 
gen, and Gambnrt at Marseilles. In 1832 and I83-J, 
it was seen from the observatory at the Cape of Good 
Hope. 

At the nest return of the comet, which took place 
on December 9, it was visible to the naked eye for the 
first time since its discovery. At this passage also, a 
very noteworthy peculiarity was remarked — or ratheJ 
a peculiarity which had been remarked by Eneke in 
1816, was now, for the first time, placed beyond a 
doubt. Encke had suspected that the comet's period 
was slowly diminishing. Each retarn to perihelion oc- 
curred about two and a half hours before the calculated 
time. Such a discrepancy Tuay appear very trifling, 
and in fact it might seem that no certainty couid be 
felt respecting it ; and this is the case so far as one or 
two revolutions are concerned. But when each succes- 
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sive revolntion shows the same discrepancy, the defi- 
ciency SCKjn monnta up to a period respecting which 
no doubt can he entertained. For exfimple, between 
tibe perihelion passage in 1789 and that of 1865, the 
comet baa made twenty-three revolutions, and each 
has been iess than the preceding by two and a half 
hours (on the average). Hence, the last revolution of 
the series occupied two days and a half less than the 
first. But even this does not express the fidl effect of 
the change ; for the comet having gained two and a 
half boura in the first revolution, five in tbe next, seven 
and a half in the next, and so on — it is tbe swm of all 
these gains (and not tbe gain made in the last revolution) 
which expresses the total gaio of tbe comet in point 
of time. Hence the last perihelion passage occurred 
twenty-nine days before tbe time at which it would 
have taken place, bat for some unknown cause which 
has interfered with the comet's motion. What that 
cause may be, has not yet been certainly determined ; 
but it is at least highly probable that Encke has as- 
signed the true cause in suggesting that so light a 
substance as the comet may be retarded in its passage 
through the interplanetary spaces by tbe existence of 
' a thin ethereal medium,' incapable of perceptibly 
retarding the motion of the planets. 

At first sight, it may seem strange that we sliould 
speak of the acceleration of the comet as being caused 
hy tbe retarding influence of such a medium as has 
been conceived to occupy the interplanetary spaces. 
Yet it ia strictly the case that, if a planet or comet be 
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continually checked in ita onward conrse, its velocity 
will continually grow greater and greater. For instance, J 
if our earth were so checked, it wonld move in a spiMJ 
which would gradually bring its orbit lo that of Vei 
by which time it* motion would be be rapid as that o 
Vunua (which moves one-third faster than the earth) jJ 
thee it would continue revolving in a spiral til! it 
reiiched the orbit of Mercury, when it would be moving 
as fast as this the swiftest of all the planets. And so 
the earth would continue to approach the sun witb 
continually increasing velocity. 

Returning to Encke's comet, we have to notice yet 
another important discovery which was effected by its 
means. The comet passed so near to Mercury in 1835 
as to enable astronomers to form a much more satis- 
factory estimate of this planet's mass than bad hitherto 
been obt-ained. It was found that the mass of Mercury 
had been largely over-estimated. 

No very long interval passed after the discovery of 
Encke's comet before another comet of short period 
was detected. M. Pons, who had discovered Encke's 
comet, it will be remembered, in 1818, observed a faint 
nebulous object on June 12, 1819. This object tumedj 
out to be a comet ; and in this case, as in the forme^J 
Encke calculated the stranger's orbit and period. Ha 1 
found that it moves in an ellipse which extends slightly 
beyond the orbit of Jupiter, and that it has a period of 
about five and a half years. This object was not seen 
again, however, until the year 1858, when M. Winneeke 
discovered it, and at first supposed it to be a new comet. 
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Oalcciation soon showed the identity of the two objects, 
and confirmed the results which had been obtained by 
Enckein 1819. 

The next comet of short period was discovered by 
M. Biela in 1826. Perhaps nothing in the whole his- 
tory of conietic observation is more surprising' than 
-what has been recorded of this singular object. We 
must premise that the comet had been seen in March 
1772, and again in November 1805. But it was not 
until its rediscovery in 1826 that its orbit and period 
were computed. An ellipse of moderate eccentricity, 
extending beyond the orbit of Jupiter, was assigned 
the comet's orbit — the period of revolution being 
>nt six and a half years. The orbit was found to pass 
"Within about twenty thousand miles of the earth's 
orbit ; and at the first return of the comet (in 1 832), 
Home alarm was experienced lest the near approach of 
the two bodies should lead to mischief of some sort. 
The comet returned again in 1839 and 1845. It was 
t the last-mentioned return that a singular pheno- 
lenon occurred, which is nearly unique in the 
tBtory of comets. On December 19, 1845, Rind 
iloticed a certain protuberance on the comet's 
morthem edge. Ten days la.ter, observers in North 
America noticed that the comet had separated into 
two distinct comets, similar in form, and each having 
nucleus, a coma, and a tail. European observers did 
ot recognise the bi-partition of the comet until the 
dddle of January 1846. The new and smaller comet 
lara to have sprung into existence from the pro- 
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tnbcruice obwr-td by UJnd, amce this object movej 
towards the north of the other. After a. while, the Den 
oomet became the brighter, but, ehortly after, it r&- 
samed its original relative brilliancy. Lieutenant 
Maury noticed, on one occasion, a faint ' bridge-lib^ 
coDoecticin ' betweien the two comets. The distant 
between tliem gradually increased, until first the 
new comet, and then the old one, had passed out of 
view. 

In 1852, Biela's comet was again seen, and tha 
Padre Secchi, at Rome, detected a ftunt comet pro- 
ceding it. If, as is probable, this faint comet is the 
companion, we may assume that the t^^'o bodies are 
permanently separated. 

At the two next returns the comet was not seen, 
iind much interest was felt by astronomers respecting 
the anticipated retiun in January 18fi6. It ■ 
searched for systematically at the pincipal European 
obBervatories, In fact, bo closely did Father Secchi 
examine the calculated track of the comet that he 
detected several new nebulEe in that region. But the 
comet itself was not found. Astronomers are unable 
to tuisign any satisfactory reasons for its disappearance^. 
It is known to have traversed the zone of the NovenW 
ber meteors where that zone is richest~our readen 
will remember the display of shooting- stars in 1866— 
and Sir J. Ilerschel surmises that it may have been 
destroyed in the encounter. Possibly thia may be ths 
trut^ solution of the difficulty; or, it may be that thj 
comet was merely dispersed for a while during th 
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i of the meteor-zone, and may yet gather itself 
together and become visible to astronomers.' 

We pass over three or four comets belonging to this 
class which present no special features of interest, to 
come to an object which has recently been rediscovered, 
and will continue visible (in good telescopes) for 
- several weeks. On February 20, 18i6, M. Brorsen 
discovered a telescopic comet, whose motions soon 
showed it to belong to the claBs of objects we are now 
dealing with. It was found to have an orbit of mode- 
rate eccentiicity, extending just beyond Jupiter's orbit, 
and a period of about five and a half years. It was 
not seen at its next return to perihelion ; but was re- 
discovered by M. Brnbns on March 18, 1857- In 
1862, it again escaped undetected; but at its present 
return, it baa been rediscovered (by three observers 
simultaneously), and it is now being carefully tracked 
across the northern skies. 

In all, tliere have been recognised thirteen comets of 
short period — that is, having periods of less than seven 
years. Amongst these are included several which have 
only been seen once, and sonae which are known to 
have been subjected to such disturbance as no longer 



' Tiiereturnof tliiaco 
nomers. Bat the comet t 
naa a. S.na display of metei 
track, and afterwards a o 
wards which tiie meteor 



let in 1 872 wbh eagerly looked for by astro- 
13 nut aeen. On November 37, 1872, there 
rs, as the earth paraed throog-h the comet's 
metic object yisa aeen in the direction to- 
had been -travelling-, fiat thia v 



Biela's comet, which, indeed, mnat have paeaed that place nearly 
twelve weeks earlier. Indeed, some doubt exists whether the object 
was travellingin the track either of the comet or of the meteors. The 
also sought for in vain at its (preanmably) next return in 
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to travel iu orbits of short period. Of these thirteen 
comets, no lesH than ten have the aphelia of thap^ 
orbits juat beyonil the orbit of the planet Jopiter; tic9.\ 
have their ttphelia just within Jupiter's orbit; and 
Encke'e comet alooe has its aphelion at a safe distance 
from that orbit. It appears to us that the peculiarity 
thus exhibited is not without meaning. Remembering 
the historj' of Lexell's comet, we seem to find a satis- 
factory explanation of the peculiarity. We have seen 
how Lexell's comet was first introduced into the system, 
of short-period comets by the giant planet Jupiter, 
then saramarily dismissed. So long as the comet 
mained within that system, the aphelion of its orbit 
lay just beyond the orbit of Jnpiter, and this would 
he the cime u-ith any c-omet introduced in a similar 
manner. But for the coincidence which led to ita; 
expaleion, Lexell'a comet would have continued ttfj 
revolve as a short-period comet. It seems also cli 
that in the course of many ages its period and orbii 
wonkl have grown gradually smaller, through 
operation of the same cause (whatever that may 
which is now reduciug the period and orbit of Encke't 
comet. At length it raust have attained a path m 
within the orbit of the great disturbing planet, 
the list of short-period comets, then, we seem to 
illustrations of the successive stages through whi 
Lexell's comet would have passed in attaining the 
of orbit in which Encke's comet is now moving, 
it seems permissible to assume that alt the short-periodl 
comets have been introduced to their present posil 
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within the solar system by the same cause which led 
to the temporary appearance of Lexell's comet as a 
comet of short period — that is, by the attractive 
energy of the planet Jupiter. 

Chamhers^s Jov/malj July 1868. 
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THE GULF STREAM. 

Majoh RenselL was the first, I believe, to whom we 
owe the comparison of ocean-currents to rivers. 
spoke of them as ocean-rivers, and pointed ont how 
enormouBiy their dimensions exceed those of sach 
streams even as the Amazon and the Mississippi. Some 
of the ocean-cnrrents are firom 50 to 250 miles in 
breadth, and flow more swiftly than the largest 3 
gable rivers. The banks and bottom of these cnrrenta 
are not land, but water ; and so deep are the currents 
that they are turned aside by ahoals and banks whose 
tops are ' 40, 50, or even 1 00 fathoms beneath the 
surface of the ocean." The outlines of ocean-cnrrenta 
are sharply defined, insomuch that ' often,' says Captain 
Maury, ' one half of a vessel may be seen floating in the 
current, while the other half is in common water of the 
sea.' The border-line of the Gulf Stream can be traced 
by the eye. Yet more remarkable is the distinction 
between the moving water and that which is at rest, 
when large maasea of sea-weed carried along by the 
former enable one to recognise the rapidity with which 
it moves. 

Ofallthe ocean-currents the most important, perhaps, 
in its bearing on the destinies of men and nations, 
the greatGuIf Stream. I propose to examine the coarse 
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and habitudes of ttis current, and then to luquire a 
little into the vexed question of its cause. 

Major Rennell traced tlie Gulf Stream from a sup- 

ed source in the Indian and Southern Oceans. 

Modern geographers and physicists prefer to look for 

the rifie of the current somewhere near the Cape of 

Good Hope. 'The comraencsment and first impulse 

lOf the mighty Gulf Stream is to he sought/ writes 

Hnmholdt, ' southward of the Cape of Good Hope.' 

It appears to me, however, that the true source of the 

great stream is to he looked for in the equatorial zone 

of the Atlantic. When we come to inquire into the 

niae or causes which give birth to the Gulf Stream, 

are led, as I imagine, to this region rather thau to 

ly other (though, perhaps, in a stream which forms 

of a continuous system of circulation, we can 

irdly speak of any one portion as the source) ; I shall 

lerefore trace the stream, and the system to which it 

slongs, from the great equatorial waters which move, 

Colnmbus was the first to discover, '■ with the heavens 

!o8 aguae van c-on log cieloe'), that is, from east to 

following in this the apparent motions of the sun, 

lon, and stars.' 

The map of the Atlantic Ocean on the opposite page 

xmstructed upon one of those forms of isographic 

jection described in my ' Essays on Astronomy.' It is 

llmportant, in dealing with the subject of currents, that 

question of area should be considered, and, there- 

1, that our illustrative charts should represent such 

correctly. This Mercator's charts are far from 
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dtnng. The portion of the Atlantic Ocean betweeu 
Ei^limd and the United States of America is nnduly 
magnified, and etiU more ie this the case with the por- 
titm between Sweden and Greenland. On the other 
band the portion between Africa and the Golf of Jkfexico 
is trndnly diminislxvl. Thns it is scarcely possible to 
form front such charts just notions of the actual cha- 
racter of the oceanic circulation whereof the Gnlf Stream 
forms a part, {Compare the charts illustrating the 
' Essay on the Climate of Great Britain.') 

We see in our map' that there is a great equa- 
torial stream ext«ndiiig in it« eaGlem portion far to the 
soath of the eqnator, bat passing to the nortli also 
ereu here, and stilt further to the north between the 
coasts of Africa and South America. Xear here the great 
equatorial current divides into two portions. One passea 
eonthward and then returns towards the east, according' 
to some authorities, but, accoiding to others, 
its coarse southward antil it is lost in the Antarctic 
Ocean, We shall follow the northern bifiircation} 
however. The coarse of this portion of the Atlantic! 
current system has been far more exactly traced ont 
Taking a north-westerly coarse, the great cntrent poon 
itself against the barrier formed by the Leeward and 
Windward Islands. Rissiug between these islands, it 
sweeps around the shores of the Gnlf of Mexico, a 

' yi:urtli«c*kco(coinpIeteiiessaiidalEoihatiI)«pceaentessv. 
tairiy repws«>t my views when ii was written, I Imve the 
of tbe "" r wA of the conise tif the Golf StT«ain onohanged 
B.v comparing Uus esmj with the (oUowing. it will be noticed 
oily tvr} faw pasEages ■» wp«»totl in rabatance. 
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., however, of its volume passing probably outside 
LB West Indian Islands, to rejoin the other outside the 
'omontory of Florida. At this point the stream has 
probably, somewhat diminished in volume, 
tnt, being still more diminished in breadth, it flows as 
a deep, strong, and swift stream, known among sailors 
B 'The Narrows of Bernini,' From hence the stream, 
low become the trne Gnlf Stream, growa gi'adually 
wider, less deep, and less swift. Off" Hatteras it is 
already twice as broad as in the Florida Straits, and 
3 it stretches with a wide easterly sweep. across the 
itlantic towards the shores of Ireland and the Hebrides, 
le current not only reassumes something of its ori- 
extent of enrface, but again bifurcates; a wide 
Irat Bomewhat sluggish stream is sent southward 
towards the shores of north-western Africa, to rejoin 
the eqnatorial stream. The main portion of the 
irrent, however, passes with a north-easterly course 
) the Atlantic valley, between Iceland and Sweden 
the Polar seas. It seems uncertain whether Eennell'a 
current, which passes around the Bay of Biscay, and 
ihe current which streams southward past the shores of 
Spain, are forks of the Gulf Stream. They are usually 
represented in maps as independent currents, and in 
Captain Maury's large map of the Gulf Stream the 
great southern bifdi-cation already mentioned is i-epre- 
a current impinging upon the flank of the 
ream which flows past Spain and north-western 
Yet, if these streams have not their source in 
Gulf Stream, it will be found no easy problem to 
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ftssign their origin; and I cannot but think that t 
Biscay and Guinea cuTrents, as well aa the current 
wliic'h flows into the Mediterranean through the Straits 
of Gibraltar, are as truly bifurcations of the Gnl 
Stream ns the current which laves the shores of Irelu 
and Sweden. 

There will be noticed also in tlie map three r 
streaniH, one flowing southward outBide Iceland, anot 
sweeping round the eastern shores of Greenland, 
the third flowing through Baffin's Bay and Davi 
Straits, The two last unite south of Davis's Straits, a 
flow on together to meet the fii-st stream ontside Nen 
foundland, whence the three flow aa a single ( 
past the shores of the United States, It is genera 
assumed, and in all probability justly, that these three 
streams are derived from the Gulf Stream, and are 
different branches of its returning waters. 

Between the single return-stream which laves the 
shores of the United States and the Gulf Stream there 
is an unshaded space in the map. It is uot to be in- 
ferred, however, that tbis space represents still (or 
rather unfiowing) water. On the contrary, it is the 
' debatable groimd ' between the opposite currents, 
spring the whole of this space is occupied by the south 
ward flowing watei-s of the cold retum-cun'ent. 
autumn the whole of the space is occupied with t 
waters of the Gulf Stream. Backwards and forward 
over this space the rival cun-ents are continually s' 
ing, the period of an oscillation being one year. 

In the widest part of the Atlantic Ocean — thi 
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namely, which, extends between the most westerly part 
of Africa and the West Indies — there is a wide expanse 
of waters unmoved by the flux or reflux of currents. 
Surrounded on every side by the circulating waters of 
the Central Atlantic current- system, this region re- 
inains undisturbed save by winds and the tidal wave. 
Accordingly its surface is covered with different forms 
of marine vegetation. My readers will doubtless 
remember the interest which the Great Sargasso Sea 
excited in the mind of Christopher Columbus. Oviedo 
termed this region the ' seaweed meadow.' ' A host of 
small marine animals,' says Humboldt, ' inhabit this 
ever-verdant mass of Fucus natans, one of the most 
■widely- diffused of the social plants of the ocean, con- 
stantly drifted hither and thither by the tepid winds 
that blow across its surface.' 

In the South Atlantic there is a smaller and some- 
what more sharply- defined Sargasso, covered chiefly 
I with rockweed and drift. A weedy space occurs also 
about the Falkland Islands, bnt is probably not a true 
I SaJgasso. Maury considers that the seaweed reported 
Liihere probably comes from the Straits of Magellan, 
I where it grows so thickly that steamers find great 
I difficulty in making their way through it; for it so 
L cumbers their paddles as to make frequent stoppages 



Such 18 the distribution of the surface of the Atlantic 

Oodan. But now the question will at once suggest 

Is the complete system of oceanic circulation 

hibited on the surface ? It seems now quite certain 
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tli&l thia qoMtion mtt^ be answered in th? negBtim 
We might, indeed, at once point to tlie existence of tl 
importttnl cnrrent which Uvea the shores of the Unito 
Stitteo Bs an answer to the question ; for where can all^ 
this wiifer find an outlet ? It does not pass the Penic- 
stila of Florida as a current ; it does not crosa the Gnlf 
Stream ; where, then, can it go bnt underneath the 
ocean's surface ? Bat we have positive evidence of the 
existence of under-currents. 

In the first place it is fonnd that in deep-sea sound- 
ings in many parts of the ocean, far more line maj- he 
paid ont without any sign of the bottom being reached 
than the depth of the ocean in those parts woald 
account for. In places where it has been proved b 
other methoils than ordinary sounding that the depth .g 
is not more than three miles, no less than ten miles ol 
line have beeu paid out, being carried out so atronglj^ 
that the slightest check in the paj-ing-out apparataa 
has sufficed to break the sounding-line. 

In the second place, it has been found possible 
determine the depth at which a submarine current t 
flowing, and the direction in which it flows. ThasJ 
Lieuts. Walsh and Lee, in the American service, having 
loaded a block of wood to sinking, and let it down to 
different depths, had repeatedly the satisfaction of 
seeing the work of under-currents. ' It was wonderful^J 
indeed,' they write, ' to see the harrega ' (a float attached 
to the upper end of the line) ' moving off, against wind 
sea, and surface current, at the rate of over one 1 
an hour, as was generally the case, and on one occam 
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9 much as one and three-quarter knots. The men in 
the boat could not repress exclamations of surprise, for 
it really appeared aa if some monster of the deep had 
hold of the weight below, and was walking off with it.' 

Lastly, we may mention that Captain Wilkes, of the 
United States Exploring Expedition, established the 
existence of a cold under-current no less than two 
hundred miles broad at the equator. 

We may assume, then, that a complete system of 
circulation, vertical aa well as horizontal, exists through- 
out the whole of the waters contained within the great 
Atlantic valley. 

Where are we to look for the origin of this vast series 
of movements ? The actual ' work done ' in the Atlantic 
Ocean is so enormous — in other words, the transfer of 
Buch large volumes of water represents ao enormous a 
fwce, that we might well expect to be able at once to 
assign the motive-power of this gi'eat machinery. For 
it would seem that the giant which works such wonders 
could not readily hide himself from our recognition. 

It has not been found, however, that the solution 
of the problem has been so simple as was to have been 
anticipated. 

Passing over the earlier guesses which marked the 
Gulf Stream as the offspring of the Mississippi River, 
of the sun's motion in the ecliptic (a mysterious inter- 
pretation of the phenomena), and of the tidal wave, we 
may remark that but two explanations of the Atlantic 
currents seem to merit discussion. 

Sir John Herachel is the principal exponent of the 
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first theory, which assigna to the trade-winda the prin- 
cipal — almost the sole — agency in the generation of the 
Atlantic cmrent-aystem. He refiisoB indeed, to look 
00 the subject as one of any doubt or difficulty. ' The 
dynamics of the Galf Stream have of late,' lie writes, 
' been made a subject of much (we cannot but tliint 
misplaced) wonder, as if there could be any possible 
ground for doubting that it owes its origin entirely to 
the trade-winds.' ' If there were no atmosphere, there 
would be no Gulf Stream, or any other considerable 
oceanic current (as distinguished from a mere surface- 
drift) whatever.' He presents his solution somewhat 
as follows : — The trade-winds are an actually existent 
cause for an easterly motion in the tropical seas ; we 
cannot ignore their action; we know, also, that when 
tlie trade-winds arrive at the equator, they have lost 
their easterly momentum ; and we know, therefore, 
that that momentum most have been imparted to the 
surface of the water (for where else can it have gone ?); 
hence there arises the great easterly movement which 
generates the whole system of circulation. 

The second view, which attributes oceanic ciroolation' 
to differences of temperature and saltness in different 
parts of the ocean, is supported by Humboldt and others, 
but is taken up most unflinchingly by Captain Maury, 
who assigns it as praj^tically the sole cause of all oceanic 
circulation. ' The Gulf Stream,' he writes, ' as well as 
all the constant currents of the sea, is due mainly to this 
cause. Such differences are inconsistent with aqueous 
equilibrium) and to maintain this equilibrium the 
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neat currents are set in motion. The agents which 

ige equilibrium in the waters of the sea, by altering 

wcific gravity, reach from the equator to the poles, 

in their operations they are as caaseleas aa heat and 

; consequently, they call for a system of perpetnal 

rrents to undo their perpetual work,' 'Other causes 

to cause currents,' he says, ' but the currents created 

w'h^ them are ephemeral.' 

Here we have what is ' a very pretty q a 1 as t 

Each of the disputants points t f 

aiowledged importance, and also (wheth fti t 

in the particular matter under q ti ) f 

mowledged general efficiency. Each haa much to 

1 favour of his own view, and each considers his 

mtagonist's t^nt as utterly insiifficient for the work 

jcribed to it. Each has heard his opponent's argu- 

I, and reiterates his own statement. Nor can it 

P be said that the opponents are unequally matched ; for, 

f if we must place Sir John Herschel far before Maury as 

\ mathematician and physicist, and if we must undoubt- 

31y look upon the former as the more practised reasoner, 

t we most remember, in turn, the special attention 

I Captain Maury has given to the subject under 

m, and the practical acquaintance with it which 

8 experience as a seaman has given to him. 

Let us briefly state the arguments adduced by 

Kersche! against Maury's view, and by Maury against 

[erschel's. 

Sir John' Herach elftaa eptQ.th!ttyinasnm ch as the sun's 
1 the/f^^^Pme'6cfeao)]no^ intensely, so 
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that the water of least specific gravity is already uppci>- 
most, there can be no tendency to motion- For t 
healtnl water cannot deseind, being buoyant; nw 
liKnitl. being uppermost ; nor move laleraUy, having, 
no impulse to motion of that sort, and being only able 
to move lateraUy ' by reason of a general declivity rf 
surface, the dilated portion occapying a higher level' 
He then applies to this declivity the test of qnantt* 
tjitive analysis. Taking a column of wat«r at the 
equator having at the base a tempetature of 39° (A 
which temperature fresh water attains its greatest 
density, and which is also the temperature of watM 
7,200 feet beneath the surface at the equator), while its 
top has a t-emperatiire of 81" (the warmth of equatorial 
surface-water), he finds that such a column is 10 feet 
higher than a similar column in latitude 56°, whe 
yt*"^ is the surflice temperature. And since froffi 
the equator to latitude 56° the distance is 3,3l 
geographical miles, we have a declivity of barely one- 
twenty-eighth of an inch per geographical, or one* 
thirty-second of an inch per statute mile. Such i 
declivity is utterly insufficient to account for 
existence of a strong current from the equator towards 
the tropica ; while, so fiir from giving any account oii 
the motion of the equatorial current from east to weeif, 
it would tend to form a north -easterly current. 

This seems strongly opposed to Maury's view, andt 
do not find that he does much to get over the force 
Hexschel'a reasoning. He points out, indeed, that a 
wnt^r does not attain its greatest density at a temper* 
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ture of 39°, but some 12° or 14° lower. This, however, 
doeB not affect Herschel's argument. If he had taken 
% column whose base had a temperature of 25° instead 
of 39°, he would have had to extend, alao, the range of 
*be water-slope in latitude ; and, iu fact, he would have 
obtained a yet smaller declivity in this way than that 
tactually deduced by him. filaury does not seem to 
have noticed the really weak point in Herachei's argu- 
iffient. I shall presently show where this seems to me 
to lie. 

But if Maury fails in efficiently defending his own 
piews, he certainly is autficiently effective in his attack 
upon Sir John Herschel's. 

He asks, in the first place, the pertineut question — - 
(* How can the north-easterly trade-winds, which blow 
only 3'iO days out of of 365, cause the equatorial current 
to flow al! through the year towards the uorth-west 
irithout varying its velocity either to the force or to the 
irevalence of the trade-winds ? ' ' That the winds do 
Dake cun-ents in the sea, no one,' he says, ' will have 
he hardihood to deny ; but currents that are born of 
^e winds are as unstable as the winds; uncertain 
Ib to time, place, and direction, they are sporadic and 



He then points to a fiict which ' militates strongly 

against the vast current-begetting power that has been 

given by theory to the gentle trade-winds. In both 

oceans, the Sargasso seas lie partly within the trade- 

^■Mnnd region ; but in neither do these winds give rise 

^Bp any current. The weeds are partly out of water, and 



the wind lins then-fore more power npon them than 
hiia upon the water itself; thej- tail to the wind. An4' 
if tJie supreme power over the cnrrents of the sea resids 
ill the winds, as Herschel would have it, then of all 
plHcea in the trade-wind region we shonld here have 
the strongest currents. Had there been currents here, 
these weeds would have been home away long ago; hat 
80 fnr from it, we know that they have been in tiie 
SnrgHSHo Sea of the Atlantic since the voyage of 
Columbus.' 

In another argnment, Maury certainly falls into an 
error. He says, How can the north-easterly winds 
cause the Gulf Stream to flow towards the north-east? 
But, as he himself points out, the trade-winds do not 
blow over the Gulf Stream proper, and there can ha 
no doubt that, if the trade-winds sufficed to keep up a 
continual equatorial current, finding a passage towanJs 
the north after encountering the barrier opposed 
the American continent, this resulting northerly current 
would assume a north-easterly course, for the very same 
reason that the air-currents flowing from the equatot 
towards the north pole become south-westerly or conntef 
trade-winds. But he seems justified in asking how ill 
is possible that the impulse imparted by the gentle 
trade-winds to the equatorial current could suffice to 
generate a stream which eventually travels far towards, 
the north pole, if it do npt even circle completely around 
Greenland. ' When we inject water into a pool,' he 
says, ' be the force never so great, the jet is soon oveft 
come, broken np, and made to disappear. In this 
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illustration, the Gulf Stream may be likened to the jet, 
and the Atlantic to the pool. We remember to have 
observed, as children, how soon the mill- tail loses its 
current in the pool below ; or we may now see at any 
time, and on a larger scale, how soon the Niagara, cur- 
Mnt and all, is swallowed np in the lake below.' 

Franklin, who was the originator of the theory sup- 
ported by Herschet, had unnecessarily intraduced the 
'Supposition that the trade-winds maintain a ' head of 
water ' in the Gulf of Mexico, and that the Gulf Stream 
'flows downwards like a river from this ' head,' as a 
{bnntain or source. Maury rightly attacks this view, 
Irhich is undoubtedly a mistaken one ; but in doing so, 
be falls into an error which exhibits his weakness in 
me treatment of hydrodynamical problems. He points 
out that, inasmuch as the Gulf Stream grows wider as 
it crosses the Altantio, it necessjirily grows shallower, 
io that the water-bed in which the stream flows has a 
higher level under the shallow than under the deep 
part of the current, and therefore, says Maury, '(';« 
tiarrent runs up kill.' Herschel terms this a strange 
^rversion of language, but perhaps it would be more 
eorrect to apeak of it as a strange blunder. The stream 
could, of course, only be said to run up hiU if i(« surfuca 
irere seeking a higher level, which does not and cannot 
ilappen. That the spreading out of the water of the 
jdrrent, so as to form a wider and shallower stream, 
Joes not correspond to an upward flow, is evident from 
^18, that it happens often with rivers, which no one 
fill saspect of runn'mij mjj hill. 
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Ucrschel does not find an answer to the main objec- 
tions nrgod by Maun- against the trade-wind theory, 
(intent with urging im Apparently unanswerable objec- 
tioH against hie o]»ponent"8 view, he leaves his own to 
t^e core of itself. 

In forming an opinion respectiug the two theoriea, 
one is struck with the immense superiority in thepower 
of Maury's agent. For, if we consider, we shall seet^ab 
almost the whole of the sans action upon the ' 
goes to produce those variations in temperature i 
siiltneas in which Maury sees the origin of the cnrreiifr* 
system ; but a very moderate portion of the snn's action 
is called into play in the production of the trade-windi 
Now it is very doubtful whether any large proportioi 
even of the force expended in producing the trade-wind 
ever acts on the water. For we know that the north 
easterly and south-easterly air-currents of the northen 
and southern hemispheres do not wholly merge mi4 
northern and southern currents meeting point-blank 
near the equator, as Herschel's theory seems to impln 
On the contrary, there is a wide zone of calms at tb 
eqaator, and the two systems of trade-winds appear B 
pass upwards above the cabn air, without parting witi 
the whole of their easterly motion. "When once thq 
begin to travel polewards, they lose their easterly motioi 
in the same way that they acquired it^that is, throngl 
the effects of the earth's i-otation. And whatever portica 
is lost in this way—which, for aught we know, may h 
a very considerable portion — cannot be taken int 
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account as available to generate the easterly equatorial 
current. 

And now let us consider for a moment the relation 
which holds between cause and effect in the case sup- 
posed by Herschel. We have more than a fourth part 
of the Atlantic Ocean in a state of perpetual motion, 
and it is assumed that the air immediately above the 
ocean is responsible for this circulation. Now even if 
we suppose that the whole of the vis viva in the aerial 
circulation is imparted to the waters, and neglect all 
consideration of the fact that for a large portion of the 
year the winds do not act in the manner available for 
the production of the currents we are considering, yet, 
even then, I apprehend that we shall find the vis viva 
of the aerial very far below that of the aqueous circula- 
tion. The volume of moving water is, of course, far 
less than that of the moving air, and the mean velocity 
of the water-currents is less than that of the air-cur- 
rents ; but, on the other hand, the specific gravity of 
water is some 830 or 840 times greater than that of 
air, and this difference far more than counterbalances 
the others. 

But now, when we come to consider the forces called 
into action in producing changes of temperature, &c., 
we no longer find such a disproportion between cause 
and effect. The sun's action on the equatorial and 
tropical regions of the Atlantic not only produces a 
great change in the density of the water, but also 
raises immense masses by evaporation. Now the buoy- 



aiicy due to the increase of temperatnre is partly 
iliiiiiiiislied through increase of aaltnesa ; still it is an 
im|H)rtant motive force. A large portion of the evapo- 
ritted water is also precipitateii over the equatorial 
regionH in the form of rain ; yet that a very large por- 
tion is carried away from equatorial and tropical to 
temperate zones is beyond dispute. 

But now, how are we to get over the arguments by 
which Herschel seeks to show that the buoyant water 
will not rapidly move off, and that the effect of evapo- 
ration is merely to produce opposing inrushes of water 
which destroy each other's effect ? Easily, I take it, it 
we remember that the buoyancy of the water doeg pro- 
duce a surface-flow from the eqnator, however slight, 
and that this is sufficient to destroy the balance of 
forces which might otherwise make it doubtful whether 
the place of the evaporated water would be supplied 
from below or from abot'e. I apprehend that there 
a continual under-flow of cooler water, rushing 
towards the equator on both sides, to supply the pla 
of the water evaporated by the sun's heat. Now there 
can be no question that under-currenta arriving in thia' 
manner, whether from the north or from the south,, 
would acquire a strong westerly motion (jnst as 
trade-winds do). Thus they would generate /com 6efo» 
the great equatorial westerly current. In this np-floW 
of cool currents having a strong westerly motion, I find 
the mainspring of the series of motions. The watet. 
thus pouriug in towards the equator is withdrawn from' 
beneath the temperate and arctic zones, so that room ia 
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sontinually being made for that north-easterly aurface- 
wliicli 13 the necessarj' consequence of the con- 
tinual flow of the great western equatorial current 
against the barrier formed by the American continent. 

It would require much more space than I have at my 
disposal to deal at length with the subject of my paper. 
I therefore conclude by referring my readers to Maury's 
interesting work on the 'Physical Geography of the 
Sea,' with the remark that hia views seem to me only 
to require the mainspring or starting force towards the 
west which I have ventured to suggest, to supply a 
complete, efficient, and natural explanation of the whole 
sries of phenomena presented by the great ocean- 
prrents. 

TAe Student for July 1868. 



OCEANIC CIECULATIOy. 

HERE are some questions, seemingly innocent enough, 

^hich yet appear fated to rouse to unusual warmth all 

^ho take part in their discussion. One cannot, for 

I, find anything obviously tending to warmth of 

bemper in the telescopic study of a planet ; yet the 

^der Cassini was moved to passionate invective by cer- 

Q observations of Mars not perfectly according with 

a own ; and Sir W. Herschel, usually so philosophic, 

, roused by Schroter's recognition of mountains in 
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Venus to deliver bimself of a criticism jnstly described 
1)T Arago afi ■ fort vive, et, en apparence dn moins, 
qnelrjite jieu paagionn^e.' The question, again, whether 
thp ' Eowwn Canadeiiee ' ia a true * Rhizopod." though 
not altogi'tlier removed from the region of hard words, 
might appi-nr t/i l*e unlikely to excite warlike emotions; 
yet there hna been some very pretty fighting over it. 
The soliir coroun has in like manner given occasion for 
rather strong writing ; and if, on the one hand, the 
supporters of n lately abandoned theory said of their 
opponents that ' they made themselves ridicnloiiB,' 
these, in their torn, at times used a tone reminding 
one of the scholar who said of a rival, ' May God con- 
found him for his theory of the Irregular Verbs : ' yet 
the corona seems at a first view rather calculated to 
proiluco a sedative effect than to excite unphilosophic 
wrath. The subject of oceanic circulation would appear 
to belong to the class of questions here considered. 

The very name of the Oulf Stream is to some phy- 
sical geographers as a red cloth ia to a bull. Even Sir 
John Herschel, uaoally placidity itself, was moved when 
be spoke on this point. But though he and Manry 
mtm warm Miougb in its discussion, their warmth vras 
jl,(.<a}d compared with the fire of more recent dispu- 
^^1^ We have before us the latest contribution to the 
.f^fft^^ a rather ponderous essay in one of our leading 
iiur l r r'"" : *J"^ herein we fiud pleasing references to 
"" ■ ,' of one set of opponents, the ' shallow 
■ rf *. second, 'the wrong-headedness ' of a 
• aimilar amenities. More than once 



L dnring the progress of tliie controversy the gentle public 
I been reminded of Bret Harte's remarks 
aboot the row 
That broke up the Society upou the Stanislow ; 

and has been inclined to urge, with ' Truthful James,' 

that they 

Hold it is not; decent for a, scientific gert 
To say aootber is a.n ass, — at least to all intent ; 
Not fihould the indivldnal who happens to be meant 
Keply by teaving rocks at him to any great extent. 

The controversy has not, indeed, reached this last 
stage of development, and we trust it never will ; but it 
has gone so near to it as to suggest that the disputants 
have wished to demonstrate, by exsmple, the justice of 
Darwin's theory about the human ' snarling muscles.' ' 

I propose to inquire into the subject which has been 
thus warmly discussed, trusting not to be myself in- 
veigled by it into any warmth of expression. Indeed, 

' 'He who rejects with scorn the belief that the shape of his own 
canine teeth, and their occasional great development in other men. 
are due to oar earty progeaitots having been provided with these 
formldablo weapons, will probably reveal, by sneering, the line of 
his own descent. For thoagh he no longer intends, nor has the 
power, to use these teeth as weapons, he will miconsciously retraot 
his " snarling muscles " (thus named by Sir Charles Bell), so as to 
Bipoae them ready for action, lite a dog prepared to fight.'— Darwin's 
Beiemt qf Man, voL i. p, 178. We may mention, by the way, that 
aa instance has recently occurred, in which the hnman teeth were 
Qaed to some purpose against one of the recognised masters in the 
art o£ biting. A man, proceeding in company with several others 
through a wood, was attacked by a hyena (usu^y one of the most 
cowardly o£ beasts). His companions fled, and having no weapon 
he woa reduced to the necessity of stiowing tooth for tooth, and, 
taking a good grip of the hyena's nose, he compelled that gentleman 
tu howl with anguish. On this, the man's companions returned and 
presently beat the hyena to death. 



but for the fete of others, I should feel no anxiety o 
this poiut, though I have myself a faTourite theory t 
uphold respecting one branch of the subject. As it i 
I sliare something of the feeling of the Red Crc 
Knight when he waa approaching ' Foul Error's den, 
and his monitress said to him, ' The perils of this plat 
I better wot than thon ; therefore I rede. Beware.' 
am not without hope, however, that I may be able ( 
keep my snarling muBcles quiescent. 

I shall direct attention chiefly to the Atlantic c 
rents, as being those whose real direction and extent 
are best known, and those, moreover, whose character- 
istics are most important to European nations. 

Li;t us begin with the surface currents, and tbong^ 
the system of surface circulation can scarcely be said t 
have a real beginning, let us start with the great equa- 
torial currents which flow westwards from the Gulf o 
Guinea,' or more correctly from the Bight of Biafra. * 
We speak of the westwardly equatorial currents, because 
not uufrequently there is an equatorial eastward current 
running between two much more important ( 
westward currents. Yet ordinarily there is one ^eatifl 
westward current running in an unbroken stream f 
equatorial Africa to the shores of Brazil, and even whet 
this great current is divided into two by an eastwai 
current, this last is only to be regarded as a sort c 
' backwater.' The water moving westwards is relativeln 
cold, more especially on the African side of the Atlanticjfl 

' Along the shares of the Gulf of Guinea there flows bj 
current, several degrees warmer than tbe equatorial cnrrei 
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' The accompanying map exhibits the nature of the 
surface circulation of the Xorth Atlantic. It is con- 
structed on one of the forms of eqoal-sarface projection 
described in my ' Essays on Astronomy,' and has the 
advantage over the ordinary Mercator'a charts of ex- 
hibiting the true dimensions of the various currents. 
I would, however, invite tlie student who wishes to fa- 
miliarise himself with the true nature of the Atlantic 
currents to constrnet other maps : for instance, a polar 
map on the first method of equal-surface projection 
described in that essay, and a map of the whole Atlantic 
on the second plan, taking the meridian -10° west of 
Greenwich as the central one. 

Of the water carried westwards by the great equa- 
torial movement, the most iniportant portion after 
reaching Brazil is carried northwards towards the West 
Indies. The reason of this is obviously to be found 
in the fact that Cape San Roque, forming the jutting 
angle of Brazil, lies several degrees south of the equa- 
tor. The portion carried southward forms the Brazil 
Current, and after travelling along the shores of South 
America almost as far as the mouth of the La Plata, 
acquires gradually an eastwardly motion which eventu- 
ally carries it back across the Atlantic towards the Cape 
of Good Hope, there to pass northwards, and so again 
to traverse the Bight of Biafra. The surface-circula- 
tion in the South Atlantic is thus seen to be compara- 
tively simple. 

The larger portion of the equatorial current is carried 
6 quickly northward, because the northern ahore-line 
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I Brazil and Gfuiana is iuclined at a much smaller 
igle than the south-eastern to the westerly course 
e great equatorial currenta. Thus the water which 
iried towards the West Indies has time to acquire 
under the tropical aun a much higher temperature than 
it had possessed when traversing the Gulf of Guinea, 
It is divided into two parts by the ^Miwt-barrier which 
the West Indian Islands (or rather the semi-submerged 
mountains of which they form the crests) oppose to its 
prt>greaa. A comparatively small portion finds its way 
into the Caribbean Sea, and making the circuit of the 
Gulf of Mexico, passes out eastwards round tiu' ]jenin- 
sula of Florida. We may fairly assume that this por- 
tion i« comparatively small ; simply because this true 
gulf stream, passing between Cuba and Florida on an 
eastern course, would continue bo to move for at least 
some considerable distance, were it not in some way 
deflected. But it actually turns almost due northwards 
after passing thi-ough the Bahama Sea, traversing the 
Bemini Narrows on this course, and so onwards towards 
Hatteraa. This would seem to imply that the true Gulf 
Stream is pressed northwards by the arrival of a much 
irger body of water which has travelled outside the 
l^eet Indies. It is true that the diversion of the G ulf 
>am northwards may be really caused by the great 
bhama Bank. But this would equally establish our 
sition ; for if the Bahama Bank is thus efiective in 
Irerting the whole of this now swiftly moving current, 
a Windward Isles may be assumed to be correspond- 
fcly effective in diverting the greater portion of the 
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shiggi^h etjuatorial current. Moreover, if we Femembe 
how shoals commonly Uike tlieir origin, we may con 
eider that the very existence of the Bahama Bank l 
probably dne to the former encounter of the two im- 
portant branches of the equatorial current — the [ 
which had circled the Gnlf of Mexico and the put 
which h^ travelled outside the West Indies. Thus, 
the northerly course finally taken by the Gulf Stream 
implies that the latter portion had prevailed over the 
former, and therefore that it is the most coosiderabie 
portion. I must mention, however, that the Edinbnr^ 
Reviewer holds the part which enters the Caribbean Sa^ 
t'O be the larger. 

Be this as it may, the Gulf Stream proper I 
acquired, during its circuit, characteristics perfectlj 
distinct from those which it had had when entering the 
Caribbean Sea, or from those possessed by the remain- 
ing portion when approaching the Bahamas. In tho 
first place, having traversed a much longer course nnder 
the same intense tropical heat, the Gnlf Stream has 
become much warmer than the outer stream. In ths 
second place (probably from having traversed the outlets 
of the Mississippi, and so carrying with it the finely* 
divided matter brought down by that river), the Gulf 
Stream has acquired a peculiar blue colour, somewhat 
resembling that recognised in most of the Swiss lakes.' 
' This eiplanat ion of t he colonr nf the Gulf St Fe&m seems the brat 
Uial has hitherto been ottered. ThH Kdinborgh Eeriewer thus , 
the matter;— 'The temnrkable Waeness which distinguishes the w&t^ 
of the Gulf Stresni from the oceanic water ihniagh which it flows may 
be due to its tetainiof in susp&nMon lie finest of the sedimentar]! 
particles brcughl down by that river, the coarser haviag been 3» 
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Thirdly, its courae having carried it into narrow chan- 
nels, it haa acquired a relatively rapid rate of outflow, 
insomuch that the surface flow of the current on its 
outward passage through the Narrows of Bemini, takes 
place at the rate of from 2^ to 4 uailes per hour. Its 
width here is at the surface not more than about 25 
miles, its masitnum depth rather more than a quarter 
of a mile (about two-fifths of the channel's niasimcm 
depth), and its mean rate of flow probably about 50 
miles per day. 

I shall not follow the Edinburgh Keviewer in con- 
sidering the details of the progress of the Gulf Stream 
from the Narrows of Bemini to Cape Hatteras, because, 
though in themselves of the utmost interest and import- 
ance, these details throw no special light on the generd! 
Bubject of oceanic circulation. Suffice it that as far as 
Hatteras the Gulf Stream remains distinctly recegnis- 
able, and that even off" San^y Hook (New York) its 
surface temperature is little reduced, and its velocity 
still amounts to about one mile per hour. Off Nan-t 
tucket the breadth of the current is about 410 miles, 

posited neatitfi (the river's) moafh ; just as the intense fineness of the 
wnten o{ Lake Geneva dependB on its retention of the finest sedi- 
mentary particles brought down hj the Rhonein the upper part of its 
course, while that of the waters of the Mediterranean is due t« its per- 
vasion by the like particles brought down by the river Rhoni- and other 
livers, which discharge themselves into its western basin, and by tbe 
Nile into Its eastern.' It will be remembered ttiat Prof. Tyndall, by 
neearchea carried on during tbe return of the [/r^enf from the eclipse 
expedition of 1870, was enabled to throw considerable light on the 
cause of tbe colour and shades of colour in water of greater or less 
depth. See also Dr. Carpenter's ' Report of RoaearcheH in the Medi- 
u tbe ' Proceedings of the Eoyal Society,' vol. six. p. 200. 
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its winter surface temperature only 10° below that 
which it bad in the Florida Channel, and its rate of 
HoA' HtlH nearly one mile per hour. It has at this part 
of ita course acquired a good deal of easting, a circum- 
GtADce which must (unquestionably, we conceive) be 
aecribed to the fact that it brings from low latitudes 
the more rapid easterly rotation movement of the earti. 
The same would, of course, apply to the lesa character- 
istic but larger current which has arrived at the same 
latitudes ivithoiit circuiting the Gulf of Mexico. 

Now here we approach a critical port of ouraubject. 
It is admitted by all that off Newfoundland the Gnlf 
Stream loses its special characteristics. As Dr. Hayes 
remarks, ' its strength diminishes ; the air of a higher 
latitude brings its temperature down to that of 
North Atlantic generally ' (not, however, withoui 
raising the temperature of the North Atlantic to some 
extent) ; ' the water loses all its Gulf Stream character 
as to course, warmth, and flow ' (and as to colour also); 
' and it dies away into the sluggish Atlantic drift whidi- 
sets from a westerly to an easterly direction.' It is not 
so generally noticed, but will scarcely, I suppose, ba 
disputed, that the Gulf Stream water strengthens 
that appreciably, this sluggish Atlantic drift. Then it 
is reinforced by the portion which has travelled outsidft 
the West Indian Islands ; and we may assume (withonl 
giving rise to objections) that the general prevalence d 
south-westerly winds will further strengthen the easfe 
ward motion of the combined mass. At any rate, 1 
the causes be what thej may (and presently we shsJI! 
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have a further cause to take into account), it ia ad- 
mitted by all physical geograptere that a great, though 
slow current, or drift, doe» pass eastwards from the 
neighbourhood of Newfoundland. Moreover, it ia ad- 
mitted by all that the southern part of this current 
(which the Edinburgh Heviewer actually regards as, 
identifiable with the Gulf Stream ') traverses the At- 
lantic until, Hearing the Azores, it joins the southwardly 
Gruinea current ; while the northern part passes on a 
north-easterly course, which carriea it between Britain 
and Iceland, between Sweden and Spitzbergen, onwards, 
even as far as the very neighbourhood of Nova Zembla. 
Lastly, it is admitted by all that, directly, or indirectly, 
this great north-easterly current causes the climate of 
Great Britain, and of the north-weatern parts of Europe 
generally, to be milder than that of North American 
regions in corresponding latitudes. 

It might appear, then, that all these things being 
admitted, no question of any importance remains, so 
far as the actual facts of the oceanic surface -circulation 
are in question. We shall presently see that a question 
has arisen as to the cause of the observed facts ; but as 
to their nahire everything that seems worth discussing 
at all appears to be satisfactorily disposed of. 

Let those readers who in their simplicity have 
adopted this notion hasten to dispossess themselves of 
it, by reading some remarks by Dr. Hayes, the American 
explorer, quoted with approval by the Edinburgh Re- 

He «tj% that the great equatorial cnrrent is parti; supplied ' by 
of a portion of the Guli Stream.' 
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viewer. The latter having repeated from 'Lot]]air''a 
sneer at the shallow nonsense which has been talked 
about the Gulf Stream, and at the exaggerated esti- 
mates of its potency which have been put forward by 
men (as well as women) who ought to have known 
better' (these are the reviewer's words, not Mr. Dis- 
raeli's), proceeds as follows : -' As Dr. Hayes truly re- 
marks, "Weather predictors without end have launched,, 
upon it their stupidities ; meteorologists hav 
the world («ic) with their assumptions respecting it! 
theorists of all kinds have floated their notions upon it 
One whirls it away into the arctic regions, and opens a 
passage to the pole with it ; another compels it to givtt 
a climate to countries where otherwise there would h 
no climate worth mentioning ; while still another spiuJ 
it round the Atlantic Ocean, and its wide-spread arma 
close upon a stagnant sea. . . , Through 
such as these mankind has come to look upon the Gnlf 
Stream with a certain degree of awe. It is a ' breeder' 
of storms ' ; the giver of heat ; it might become thfl 
father of pestilence. Will it always continue to do iM 
duty as hitherto ? or will it start off suddenly with som* 
new fancy, and pursuing some new course, upset -t 
physical and moral status of the world ? " ' 

Now we have seen that the writer who thus endorse 
Dr. Hayes' diatribe, is among those who hold that t 
southern offset from the Gulf Stream circles rounj 
the Sargasso Sea to join the Guinea current. He say 
farther on that he ' entirely accords ' with the opinio^ 
of Buchan, the meteorologist, that the north-easterlj 
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ibrrent above referred to ' produces an afflux of warmth 
■ought to the British Isles by the water that lavea onr 
jstem coasts.' He proceeds : ' There is ample evidence 
lat the cold of some parts of the north polar area is 
greatly mitigated by an afflux of water bringing with 
it the comparative warmth of temperate seas. It has 
long been known that cocoa-nuts, tropical seeds, trunks 
of tropical trees, timbers and spars of ships wrecked far 
to the Bouthj and sometimes portions of their cargo, 
are found on the shores of the Western Hebrides, the 
Orkney, Shetland, and Faroe Islands, the north of 
Norway, and even Spitzhergen ; and since their trans- 
port has taken place jnst in the course of the Gulf 
Stream if prolonged to the north-east, their arrival has 
been accepted almost without question as evidence of 
its agency. The evidence furnished by the surface tem- 
perature of that north-eastern portion of the Atlantic 
Ocean which intervenes between Iceland and the North 
Cape, and then stretches away to the eastward between 
^pitzbergen and Nova Zambia, seems at first sight con- 
sive to the like effect. A large amount of additional 
lermometric evidence has been collected of late years ; 
and this has been moat ably digested by the eminent 
German geographer, Dr. Petertnann, who has recently 
put forward a series of maps for different periods of the 
year, in which these observations are embodied, and 
their results made obvious to the eye by the course of 
"lines of equal temperature," which in the summer 
B between Iceland and the Shetland Islands, a little 
I the east of north towards Spitzbergen, and thence 
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with more of an easterly bend even beyond the seventy- 
fifth degree of north latitnde. The existence of a warm 
stream in this direction has been confirmed still more 
recently by two adventurous officers — Lieutenant Julius 
Payer, of the Austrian army, and Lieutenant AVey- 
precht, of the German army — who followed its pati 
last summer in a small sailing vessel hired by them- 
selves, and state that they found open water from 
east longitude 42° to east longitude 60°, even beyond 
the seventy-eighth parallel of north latitude, the 
highest point they reached being north latitude 79°, 
east longitude 43°. A Russian expedition nnderPrincS 
Alexis Alesandrovitch, of which the distinguished 
.tav'int. Von Mildendorf, had the scientific charge, 
about the same time exploring the Polar Sea between 
Nova Zembla and Iceland ; and Von Mildendorf hssi 
stated to the Imperial Academy of St. Peterabnrf 
that " the corvette Wajag baa proved the extension 
the Gulf Stream to the west coast of Nova Zembla, h 
that we find it on the meridian of Banin Nosh (in 6 
longitude 43^°) still of a width equal to two degrees 
latitude, and of a temperature of fifty-four degrees 
Fahrenheit, cooling down only four or six degrees 
depths of thirty and fifty fathoms." ' 

Aa if to remove all question as to hia real 
the reviewer immediately adds that he fully accept^ 
not only the great body of facts so ' industriously 
related by Dr. Petermann, but the inference Dr. Petep 
mann draws from them that an attempt to ] 
the polar ice-wall to the north-east of Spitzbergen 
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lore likely to be auccesaful than the search for a pas- 
1 any other direction.' 
So that (1) Dr. Petermann, regarded by our reviewer 

B an eminent geographer ; (2) Von Mildendorf, whom 
he regards as a diatingniahed sa.w,nt ; and (3) the re- 
viewer himself, who no doubt doea not regard himaelf 
as either shallow or stupid, seem all agreed as to the 
very poiuta which the reviewer has spoken of as in- 
volving atupidities and shallow nonsense. Certainly 
they all agree as to the only points which seem in the 
least worthy of discussion. 

What, then, the reader will ask, is the matter in 
dispute ? Over what momentous question have the 
angry words quoted above been bandied ? 

After diligent search for the apple of discord, the 
student of the review will be led to the conclusion that 
it is neither more nor less than tlie luime ' Gulf Stream.' 
We have seen that Von Mildendorf calla the warm 
current which passes by Nova Zembla the Gulf Stream, 
In this, it appears, he haa shown shallownesa and stu- 
pidity. Dr. Petermann has equally committed himself, 
or rather has committed a more aerious offence. For 
Von Mildendorf might have used the offensive epithet 
only through inadvertence ; but Dr. Petermann not 
only uses it, but has the hardihood (we might almost 
say the cruelty) to maintain that ' it is a matter of no 
consequence.' Moreover, as our reviewer sadly admits, 
Jier physical geographers ' agree with Dr. Petermann. 

I The reviewer is bo grieved by the defection of the 
iBtiiignished savant,' the ' eminent geographer,' and 
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' tho other physical geograpliers,' that for a momeat bis 
confidence Joserfcs him, and instead of applying afreah 
to th(>m, directly, the lash which has indirectly reached 
lliem, he proceeds thus mildly : ' In onr belief, of which 
we shall presently explain the grounds, the real Gnlf 
Stream has no more to do with the inflow into tlie 
polar area than with the ripening of oranges at Xsples, 
or the maintenance of Catholicism at Home, so tliat, 
rveii if its cnrrent were to be entirely diverted by the 
cutting of a wide channel through the Isthmus of Pan- 
ama, not only would the climate of the British Islands 
suffer very little, but a north-easterly stream of warn 
water .... would still mollify the severity of polar 
oold, and help to render Spitzbergen and Nova Zemhls 
ncceasible to arctic voyagers,' This belief, in which I 
cordially concur, would seem to afford excellent reason 
for rcjii'ting the name Gulf Stream whenever the course 
of tlip stn'am shall thus have been diverted, but scarcely 
secuiti to justify the disuse of the name under theactual 
(•ircumntwices ; stOl less would it appear to afford good 
Ifnuinds for using such hard words as ' shallow non- 
^^wtf ' and 'stupidity,' If the course of the Dannbo 
wiTt' intercepted in Baden, it is tolerably certain that 
H mighty river would continue to flow past Yienna, 
IWI^rwdr, and Ismail to the Black Sea ; nor would the 
HoWp ri\i»r which flows northward through Germany be 
\\\\\v\\ miuw'd though the Rhine were diverted in the 
ilH«vH" : ypt (fpogruphers are satisfied to call these 
rttfl* H«> HwuuU' and the Rhine, not adopting new 
\\*MW* \\\ t'vw'y singe where some new influx changea 
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the size and character of either. And the title ' Gulf 
Stream ' has, in like manner, advantages in point of 
convenience, which are likely to prevent geographers 
from rejecting it yet awhile. It may mislead some few 
into supposing that the whole of the great north- 
easterly current has passed through the Gulf of Mexico, 
just as we can conceive that some few students of geo- 
graphy might imagine all the water which flows past 
Cologne or Coblentz to have come from the Grisons, or 
all that flows past Nikopolis to have come from Baden. 
Almost every convenient name, however, is open to 
some such disadvantage ; and the student of oceanic 
circulation who finds he has been to some degree misled 
by a name must not mistake the detection of his error 
for a gi-eat geographical discovery. 

Maj<yra canamu^. 

We Lave hitherto considered surface-currents only. 
We have not, indeed, considered all the surface currents 
which traverse the North Atlantic ; but the principal 
streams have been indicated. We must now direct our 
attention to submarine currents. 

It is impossible to consider carefully the nature and 
distribution of the surface circulation without recog- 
nising the fact that there must be cnrrenta beneath 
the surface. It is true that one can conceive the 
existence of a complete system of oceanic circulation 
without any movement in the depths of the sea ; but 
when we examine the actual surface currents we find 
that either the commencement or the prolongation of 
some currents must necessarily be submarine, for 



222 LJGBT SCIENCE FOX ZEiaUXS JSOVSS 

instance, the quantity of water carried by the great 
north-easterly drift int^ the Arctic Ocean ia very much 
greater than that which flows out of the Arctic Ocean, 
by the so-called Arctic current, past Greenland. Ex- 
amining, indeed, the ordinary current charts, alwajs 
drawn on Mercator's projection (seemingly because tliis 
projection ia the very worst that could be devised for 
the purpose), we might suppose that this Arctic Btream 
was much more extensive than it really ia. Bnt what 
can be expected of a projection which makes Green- 
land (whose real area is not much greater than that of 
the kScandinavian peninsula) actually as large as Soutii 
America. The Arctic current, however, affords jet 
better evidence of the occurrence of submarine streaios, 
for the extension which passes between the Gulf Stream ■ 
and the United States, is in places completely lost si 
of (the Gulf Stream touching the American ahorea)J 
and reappears farther on. It is clear that it must hart 
passed under the Gulf Stream in such cases. 

Now, the study of the submarine currents has of lat 
years thrown considerable light on the whole questiol 
of oceanic circulation, and has supplied the solution ( 
some problems which had formerly appeared altoget 
perplexing. 

We owe to Drs. Carpenter and Wyville Thomso 
some of the most important facts recently ascertained 
Others, however, have shared in the work. I woulij 
indeed, particularly invite attention to the fact that ] 
do not here pretend to give anything like a complsl 
history of recent investigations into the subject. 
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fleet only those facts which bear most significantly on 
wider relations — the more marked features — of 
Eoanic circulation. 

In the first place, a result which had long perplexed 
lysical geographers has been shown to be erroneous. 
had been supposed that the temperature of sea-water 
Blow a certain depth is in all latitudes constant, and 
bout seven degrees above the temperature at which 
■esh water freezes. Sir John Herschel, in his ' Phy- 
ial Geography,' adopted this supposed discovery as 
ill established. Now, let one consequence of such a 
elation be carefully noted. The surface water in the 
lies is warmer than this supposed constant bottom- 
nnperature ; the surface water in arctic regions is 
loler ; at some intermediate latitude the surface water 
18 the same temperature as the water at the bottom, 
[ence in this intermediate latitude the water is uni- 
brmly warm (according to the supposed relation) from 
he surface to the bottom. We may therefore regard 
fae water in this latitude aa conatitutiug, in effect, a 
Dustant barrier between the tropical waters and the 
[Ctie waters. Without regarding it as absolutely ini- 
lovable we should yet be compelled to regard it as so 
a steadfast as to negative the theory of the existence 
F submarine currents of an importance corresponding 
1 that of the surface currents. Accordingly, the theory 
ot forward by Humboldt and Pouillet to the effect 
flat there is an interchange of waters between polar 
ud equatorial regions was discredited by this snpposed 
fccovery. 



l>re. Caqjenler and Wyville Thomson, however, hare 
txien able to show that no such relation exists. There 
»re vast submarine regions of the Atlantic where the 
tetnperatare of the water is far lower than the constunl 
«ad nniform temperature believed in by Sir John Her^ 
scheL The temperature is, indeed, in places, as low, 
or very nearly so, as the freezing-point of freeh water, 
under a surface-temperatare 20 degrees or so higker. 
Bat in other regions having the same snrfaoe-tempen- 
tnre the depths are ll), 12, or i-i degrees higher than 
that of freezing fresh water. Mnreover these relations 
are constant, so far as the deep water is concerned. 

Now, there can be only one int«rpretation of the cir- 
cumstances here mentioned. If the depths of the ocean 
were unmoved by any process of submarine circulation 
there can be no question that a general oniformity <rf 
deep sea temperature would prevail in ^ven latitudes- 
We should not find the bottom water in one region 13 
or 14 degrees warmer than the water in a closely adja- 
cent region. We have only to inquire what is the case 
in inland seas where no great influx of water of ahen 
temperature can take place, to see that this mnst be so,. 
Take, for instance, the Mediterranean. Here we learn 
from Dr. Carpenter's recent researches that 'the tern" 
perature at every depth beneath 100 fathoms is found, 
to be uniform, even down to a bottom of 1,900 fathomai 
as had, indeed, been previously ascertained by Captain, 
Spratt, although his observations, made with thermos 
meters not protected against pressure, set this anifona- 
temperature too high. In the western basin of th(. 
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p^editerraaean, as shown by t)ie Pmeupine observations 
11870, tbe nniform temperature ia 54 or 55 degrees ; 
eing, in fact, the winter temperature of the entire 
sontenta of the basin, from the surface downwards ; and 
being also, it would appear, the mean temperature of 
the crust of the earth in that region.' We learn, then, 
two things — viz., first, that where extensive submarine 
motions are impossible, a constant submarine tempera- 
ture may be expected to prevail in tbe same latitudes ; 
and, secondly, that in tbe latitude of tbe Mediterranean 
the submarine temperature is about 54 or 55 degrees 
Fabr. Thus, it ia clear, in the first place, that the 
Lvarieties of temperature observ^ed in the depths of the 
[Atlantic must be dne to the continual arrival of water 
f the observed temperatures, a,t a rate great enough to 
revent the deep wat^r from, acquiring a constant tem- 
perature ; and in tbe second place it becomes possible 
p tell whence the submarine currents are flowing. If 
Biey are cooler than they ahoold be supposing latitude 
■lone in question, then they are travelling from arctic 
Rowards tropical regions, and vice versd. On this last 
[point no doubt remains. In a latitude corresponding 
D that of the Mediterranean basin, the depths of tbe 
llttlantic are far colder, even in their wannest por- 
tons, than they would be if latitude alone were in 
question. 'In regard to surface-temperature,' says 
Dr. Carpenter, 'there is no indication of any essen- 
^al difference between tbe Mediterranean and the 
Atlantic ' in the same latitudes ; ' and the 
UcknesB of the stratum that undergoes superheating 
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dnriiig the Bnmmer 13 about the same. ... At 
the depth of a hundred fathoms, in the Atlantic a^ in 
the Mediterranean, the effect of the enperheating aeeins 
extinct, the thermometer standing at aboat 53 degrees; 
and beneath this ' (in the Atlantic only), ' there is a slow 
and tolerably nniform reduction at the rate of about 
two-thirds of a degree for every fathom, down to 
700, at which depth the thermometer registers 49 
degrees. But the rate of reduction then suddenly 
changes in the most marked manner ; the thermometer 
showing a fell of no less Ihan nine degrees in the nest 
200 fathoms, bo that at 900 fathoms it stands at W 
degrees. Beneath this depth the reduction again be- 
comes very gradual ; the temperatures shown at 1,500, 
2,000, and 2,435 fathoms (the last being the deepest 
reliable temperature sounding yet obtained) being, 
respectively, 38, 37, and 30^ degrees.' 

Thus, there can be no possible question that the 
depths of the Atlantic are occupied by a vast current 
much colder than the deep sea temperature due to the 
latitude, and, therefore, neceasarily flowing from ■ 
arctic towards the tropical seas. 

Such are the broad facts of the Atlantic circulaticrf 
We have a surface circulation whose general featni 
are such as have been described, and are generally a 
mitted, though a dispute has arisen as to a question | 
nomenclature ; and then we have a general snbm 
' set ' of water from the arctic regions towards 1 
tropics, the existence of which is also generally ( 
mitted. 
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But now we again approach, a subject of controversy, 
sad one which is certainly better worthy of discussion 
lan that which we considered above. It relates, in 
ict, to the question how this wonderful system of 
jeanic circulation is brought about. 

Passing over several crude theories which have long 

L disposed of, we come first to the theory that 

S»e system of oceanic circnlation is due to the action of 

B trade-winds. This theory has been maintained by 

d others in former times, by Sir John 

Herschel in onr own, and is warmly advocated in the 

resent day by many whose opinions are not to be 

rashly contradicted. 

Against this theory it has been urged by Caj.tain 

K^latiry- — -' with singular wrongbeadedness ' according to 

3ie Edinburgh Reviewer, but as it seems to me with 

small degree of reason — that the trade-winds are 

leither powerful enough nor persistent enough to ac- 

int for the great equatorial cnn-ents, or therefore for 

iie Gulf Stream. Maury says, ' with the view of ascv-i'- 

oing the average number of days during the year 

lat the north-east trade-winds of the Atlantic operate 

upon the water between the equator and 25 degrees 

north latitude, log-books containing no less than 

D,284 observations on the force and direction of the 

ind in that ocean were examined. The data thoa 

rded were carefully compared and discussed. The 

lanlts show that within these latitudes — and on the 

rerage— the wind from the north-east is in excess of 

B wind from the south-west only 111 days out of the 
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365. Now, can the north-east trades, by blowing for 
less than one-third of the tim^ canse the Gulf Stream 
U) run ail the time, anJ without varying its velocity 
rither to their force or prevalence?' Our reviewer 
not. only dwells on the wrougheadednees of this argo* 
nient — wholly irresistible as it appears — bat as 
that ' the trade-wind origin of the Gnlf Stream is about 
as certain as the rotundity of the eartli.' It could have 
been wished that in placo of abusing Captain Maury for 
wrougheadedness, the reviewer would have devoted a 
few lines to the demolition of Maury's argnment, 

Maury himself advanced the relative lightness of the 
equaturiiil water as the true reason of the oceanic circu- 
lation. But granting that the expansion of the equa- 
torial water under the snu's heat, as well as the resulting 
buoyancy, would cause an overflow of equatorial water 
polewards, this overflow would be an exceedingly sloff 
movement, and it would result in an eastwardly instead 
of a westwardly flow, for the very same reason that the. 
counter trade-winds travelling polewards assume aiL 
eastwardly direction. 

In the Student for July 1868, I advanced anotha 
explanation, I urged that the suns action on the 
equatorial and tropical regions of the Atlantic, raising 
immense quantities of water by evaporation, causes an 
influx of water from below. ' There can be no question,* 
I then wrote, 'that under-currenta arriving in thii 
manner, whether from the north or from the south' 
(that is from arctic or from antarctic regions), ' would 
acquire a strong westerly motion (just as the t^ade-^ 
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Inds do). Ttus they would generate from lelou- the 
t equatorial westerly current. In this upflow of cool 
3 having a strong westerly motion, we find the 
inapring of the series of motions. The water thus 
(During in towards the equator is withdrawn from 
ieneath the temperate and arctic zones, so that room is 
continually being made for that north-easterly surface- 
stream which is the necessary consequence of the con- 
tinual flow of the great westerly equatorial current 
Lagainst the barrier formed by the American continent 
Captain Maury's views seem only to require 
ihe mainspring or starting-force towards the west 
which has been here suggested, to supply a complete, 
Bttcient, and natural explanation of the whole series of 
ibenomena presented by the great ocean currents,' 
Four or five months later, and while the results on 
■which Dr. Carpenter subsequently based his theory of 
3 oceanic circulation were as yet unpublished, I drew 
[attention in the columns of the Daily Neion to the 
wmparatively limited extent of the influences due to 
Kilar cold. This cause, I pointed out, ' scarcely has 
Hiy influence in latitudes lower than the parallel of 50 
legrees.' 

In the year 1869 Dr. Carpenter was first led to advo- 
bte the theory that the continual descent of cold water 
1 the Arctic Seas is the mainspring of the system of 
a circulation. He reasoned that the Arctic Seas 
Jeing exposed to great cold, the surface water ' descends 
9 virtue of its reduction in temperature and increase 
f density, its place being taken, not by the rising up 
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of water from beneath, but by an inflow of water from 
the neighbouring luva ; and since sea-water becomes 
conliuually heavier in proportion to its reduction of 
tem|>erature, this cooling action will go on without tie 
check which is interposed in the case of fresh water,'' 
Thus the water becoming denser and heavier will 
descend, and ''there will be a continual tendency to 
the Howing off of its deepest ]iortion into the warmer 
area by which the polar basin is surrounded ; producing 
a reduftion in the level of the polar area, which mnab 
create a fresh indraught of surface-water from the warmer 
urea arouud to supply its place. This, in its tarn, 
being subjected to the same cooling action, will descend 
and flow off at the bottom, producing a fresh reduction; 
of level and a new indraught at the surface.' 

I)i-. Carpenter illustrated this theory, or rather the 
combined action of polar cold and equatorial heat, by 
an experiment, the plan of which had occurred also tO' 
myself, and been described by me in conversation 
somewhat earlier, ' A long narrow trough having glass 
sides was 6lled with water, and a piece of ice 
wedged in at one end between its side plates jusfc' 
beneath the top, whilst the surface of the water at tho' 
other end was warmed by a piece of metal, of which a 
part projected from the trough, and was heated by a 
spirit lamp placed beneath it: thus representing th(( 
relative thermal conditions of the polar and equatoriU 

' Fresh wat«r eipaoiiH with reduotion of temperature, nei 
freezing point, and heuce, becoming lighter, Ihe descending c 
above described is interfered with in the case of fresh water. 
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basins. A colouring liquid viscid enough to hold 
together in the water, while mixing with it safEciently 
to move as it moves, being then introduced, the liquid 
as it impinged on the ice was seen to sink rapidly to 
the bottom, and then to flow slowly along the floor of the 
trough towards the opposite extremity, then gradually 
to rise beneath the heated plate, and then to flow slowly 
along the snrface towards the glacial end, repeating 
the same movement until the ice had melted,' 

It will be observed that in this experiment the effect 
of cold is not exerted alone, so that it by no means 
proves that the arctic cold is the chief agent in pro- 
ducing the system of oceanic circulation. Moreover, 
the conditious of the polar and equatorial basins are in 
■ one respect not accurately (or even nearly) reproduced, 
Bfor the real arctic area is very much smaller, compared 
^V with the real equatorial area, than in the case of the 
■experiment. Indeed it appears to me that Dr. Carpenter 
Bpaid far too little attention to the relative smallness of 
Bjthe arctic area. This may have been partly due to the 
^Eerroneous ideas suggested by the ordinary maps on 
^Hfercator's Projection, in which, as I have already 
mentioned, the arctic regions are enormously exagger- 
ated. It is almost impossible to study such a map as 
that which illustrates this paper (see page 210) without 
feeling that the theory presented by Dr. Carpenter will 
scarcely hold water, or rather — if this way of presenting 
the argument be permitted — that the arctic area does 
HMot hold water enough to produce the effects de- 
^^nibed by Dr. Carpenter. For in that map the whole 
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area of the Arctic Ocean is presented;' and from out 
of that area, be it noted, mnat come the northern supply 
of descending water, not only for the Atlantic equatorial 
current, but for the much larger equatorial current of 
the Pacific, if Dr. Carpenter's theory be sound. 

Tlie following letter, written by Sir John Herschel 
only a few weeks before his lamented decease, has been 
very widely quoted in favour of Dr. Carpenter's theory; 
yet if carefully studied it will be found rather to set 
forth the strength of the theory advocated a year earlier 
by the present writer. In this letter, at least, Sir John 
Herschel appears to be disposed, in so far as he conr 
cedes the efficiency of heal, cold, a-nd e^•a2>oration, 
incline to the equatorial action as the most important^ 
Answering Dr. Carpenter, who had addressed a letter'^ 
to him on the subject, he says ; ' After well considering 
all you say, as well as the common-sense of the matter, 
and the experience of our hot-water circulation pipes 
in our green-houses, Ac, there is no refusing to admit 
that an oceanic circulation of some sort must arise from 
mere heat, cold, and evaporation, as verrc causce ; an4; 
you have brought forward with singular emphasis ' the* 
more powerful action of the polar cold, or rather, tha 
more intense action, as its maximum effect is limited 
to a much smaller area than that of the maximum of 
equatorial heat. The action of the trade and counter-; 

' The boondiag lines drawn froni the pole on the right and 
of the white spoco represent one and the same meridian. 

' In Sir John Herechers lettera one can often recognise aKght: 
touches we will not say of sarcasm (for he was incapable of sayinji 
anght that ooold be considered hitter or unpleasant), hut of wl 
may be described as a humorous suggest iveneas. 
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le winds, in like manner, cannot be ignored ; and 
nceforward the question of ocean currents will have 
be considered under a twofold point of view.' 
It appears to me that not only is the equatorial or 
Lther tropical action much wider in range, bat it is 
i intense than the polar action. For, let ns 
insider what happens during the heat of the day over 
16 tropical Atlantic. Here, over an area enormously 
ceeding the whole arctic basin (we are considering, 
I it understood, only the northern part of the system 
circulation) a process of evaporation is taking place 
so rapid a rate aa to furnish almost the whole of 
lat rain-supply whence the rivers of Europe and North 
.erica (east of the Eocky Mountains) take their 
rigin. There is thus produced a continual defect of 
Tessure, not merely along an equatorial strip, but so 
ar aa 20 or even 30 degrees of north latitude, while 
downfall of rain which, taking one part with an- 
ther of the temperate and sub-arctic Atlantic, may be 
garded as incessant, continually adds to the pressure 
these last-mentioned regions. That on the whole 
re must result a most effective excess of pressure 
ir the temperate zone of the Atlantic, as compared 
ith the tropical and equatorial portion, seema to me 
iaputable. Now, if we compare this with the effects 
refrigeration over the relatively insignificant arctic 
la, which as I have said has to supply the North 
cifio submarine circulation (if Dr. Carpenter's theory 
true), as well as that of the North Atlantic, we can 
ily doubt, as it seems to me, which cause is the 
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more efToctive. I would venture to predict thst if 
Dr. Uorpeiiter's experiment were tried Erst with the 
iof (done to produce circulation, and secondly witU rlie 
hcnt olone, the superior efficiency of the latter cs 
would be lit once recognised ; but I much more confi- 
(ifiitly predict that if, as in the experiment I myself 
proposed, the relative areas of the equatorial and arctio 
basins were represented, there would be found to h»- 
scarcely any comparison between the effects of arctio 
cold and equatorial heat, so largely would the lattoT' 
predominate. 

It is ueceasEry to mention, however, that the priiw 
ciple itself of the experiment has been objected to, rai 
the ground that the gradation of temperature mu8t 
always be much more rapid in such an experiment 
than in the actual case of the Atlantic Ocean. This 
objection, however, is, in reality, based on a mieappre- 
hension. It is sufficient; that the difference of tem- 
perature at the two ends of the trough should corre- 
spond to the diffiirence between the temperature of the 
arctic and eijuatorial seas ; and it is a matter of no im- 
portance whatever that the real rate of gradation should 
be represented. The case may be compared to the 
illustration of the descent of water to form springs or 
the like. Here an experiment would be valid in which 
the outflow of the illustrative spring was obtained by 
causing the vent to be bo much below the level of the 
reservoir, though the slope from the reservoir to the 
vent were very much greater than in the case of any 
natural spring. Just as in the case of a spring it ia 
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the differenre of level, and not the rate of slope, which 
is effective in cansing the rate of outflow, bo in the 
case of the oceanic vertical circulation, it is the actual 
difference of temperature, and not the rate of grada- 
.tion, which produces the activity of the circulation. 

Another objection has been urged against the ' heat 
and cold theory ' by a very skilful mathematician, Mr. 
Croll. He reasons on this wise : Since the water which 
is carried from the equator to the latitude of England ' 
(eay) must have partaken, when at the equator, of the 
earth's rotation there, which has a velocity of more 
than 1,00U miles per hour eastwards, whereas, when it 
reaches our latitudes, it partakes of a rotation move- 
ment reduced to about G20 miles per hour, it follows 
that, neglecting the drift motions as relatively quite 
insignificant, friction has deprived the water which has 
thus travelled from the equator to our latitudes of a 
velocity amounting to no less ttan 380 miles per hoar. 
If friction is thus effective, how utterly inconceivable 
is it, says Mr. Croll, that the descending currents of 
Dr. Carpenter's theory (or the ascending currents of 
the evaporation theory) should maintain their motion. 
Hence, Mr. Croll is an earnest advocate of the trade- 
id theory. 

The worst of this reasoning is that it proves too 
If friction is so effective, then when the trade- 
flag, as we have seen that they do, the ocean 
■rents ought to be brought to a standstill. More- 
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re of Mr. Croll'a reasoning, without 



236 ZIOBT SCJSirCE FOX LBI8USB SOUSS 

over, the submarine currents exist, and the wind theorj 
leaves them unexplained. The fact really ia that MrJ 
Croll's rpasoning has no application to a system of fl 
circulation, where the advance of one part of the fl 
is always made room for, so to speak, by the removs 
of that which it replaces. We might equally 1 
apply Mr. Croll's reasoning to prove that a river can 
flow because of the friction along its banks, as to si 
that ocean currents cannot flow within their liq 
banks. Indeed, many of the points in dispute in ■ 
matter of oceanic circulation may he excellently illui 
trated by considering the case of a river. I propose t 
draw this paper to a conclusion by setting forth f 
an illustration. My readers will not fail to recognia 
the opinions here severally parodied, ao to speak, : 
so to infer the theory which I regard as affording, on thai 
whole, the beat explanation of the observed relations- 

' Shallow persons,' might one say, 'have launched* 
all sorts of stupidities upon the Mississippi Eiver*] 
Physical geographers have deluged the world with thei^ 
assnmptinns respecting it ; theorists of all kinds havfl 
floated their notions upon it. One says that it bringj 
down, past Baton Kouge and New Orleans, the draini 
of half the United States ; others ascribe to it 1 
detritus around the delta of that great river whid 
flows into the Gnlf of Mexico ; yet others consider tha( 
it breeds the fogs infesting the path of the great st 
which flows from Vicksburg to Placquemines.' 
this is utter nonsense. The Mississippi has no 
to do with the great stream flowing through Loui 
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than with the Thames at London. The real Misaissippi 
is a stream of singular purity, and presents other characT 
teristica clearly recognisable as I'ar as its junction with 
the Missouri; but in the stream which runs past St. 
Xioais none of the characteristics of the Mississippi can 
be traced. Here, to all intents and purposes, the Mis- 
sissippi comes to an end. As for the cause of the 
motion of the great stream itself, there can be little 
question. Some Lave urged that it is due to the gra- 
dual slope of the land ; but in all the experimental 
illustrations of the eifects of such slope which we have 
yet seen, the inclination has been monstrously exag- 
gerated. If slope were the cause of the river's flow, 
then unquestionably the effective part of the action 
mnst reside in the Rocky Mountains, and not in the 
great reaches of the river. We admit that the chief 
bulk of the liver lies in the great reaches ; but this 
ftict has no bearing, we assert, on the question at issue. 
-However, it is demonstrable that no cause of this sort 
can be in question. For let the following reasonhv] 
he carefully marked. In Wisconsin, in 40° north 
latitude, the river partakes of the earth's rotation 
motion, there equal in rate to about 800 milea per 
.'hour; in Louisiana, in 30° north latitude, the river 
Btill partakes of the earth's rotation movement, here 
eqnal to about 900 miles per hour. Hence, were it 
not for the friction exerted by the banks, the water of 
■the river in Louisiana would be flowing at the rate of 
100 miles per hour westwards. If, then, friction de- 
prives the river of this enormous velocity — as it obvi- 
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oOsly does — how mncli more mnat it deprive the ri 
of the minute velocity of four or five miiea per boari 
due to elope or inclJDation. It is certain, therefore,; 
thnt the flow of the stream is due to the prevalei 
nortlierly winds of the so-called Mississippi vi 
There are not wanting those, indeed, who assert thi 
this cannot be the case, because northerly winds 
not prevalent in this region. But the singular wrong- 
headednesB of this reasoning renders reply cnnecesaary. 
That the flow of the great stream is caused by thesft 
winds is as certain as the rotandity of the earth. 

From Engliih Meehnnic for July and Augnst 11 



It is impossible but that on a subject so difficult and 
cninplicatejJ as that of oceanic circulation, differeat 
views should be entertained by stndents of science^ 
And it is clear that in the present stage of the inquiry 
no useful purpose could be fulfilled by making th* 
problem a matter for controversy. Dr. Carpenter 
self has shown that much more, is to be gained by 
observation than by reasoning on imperfect knowledgf 
If I venture to remark that his deep-sea researches 
have led to the most important contribution which h 
been added for many years to our information respecl>- 
ing oceanic circulation, he will not, I trust, consider 



I This paper w»a written in reply to comments by Dr. Carpenter 
on the former paper. The natuie of these comments will be inferred' 
from my reply ; in fact 1 qoote the most importaot passages. 
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"that I am passing beyond the boands of controversial 
courtesy. But I am, indeed, not anxious to treat the 
matter as one for controversy in any sense. It will be 
perceived by those who have read my remarks on the 
subject, that I have rather put them forward as sug- 
gestions than as indicating theories which can be 
maintained with any degree of assurance, far less with 
conviction. Nor does it seem to me likely that one 
explanation can suffice to account for ail the pheno- 
lognised in. oceanic circulation. This is a case, 
' ever such case were, in which more causes are in 
Kration than one ; so that it may very well happen 
ihat excellent arguments can be adduced in main- 
tenance of different views. If, therefore, I enter on 
the defence of what I have already written on the 
subject, it is not with the wish to show that one parti- 
finlar explanation of oceanic circulation is correct, an3 
^all others erroneoua. If I am desirous of dealing with 
ihe considerations urged by Dr. Carpenter, it is not 
acause they seem to him to militate against the views 
f I have to some extent advocated. What I wish to 
P'bIiow is that I have not addressed your readers on the 
PBiibject of oceanic circulation without making myself 
■ >familiar with the facts which boar upon that subject, 
Band at the very least, with those comparatively funda- 
l^aiental facts to which attention has been invited. 

And here I would remark that one who writes so 
■tnuch and so often as I have had occasion to do on this 
|and kindred subjects, is placed to some degree at a 
jadvantage. He cannot, on the one hand, assume 
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thill t)ic readeni of auy particular essay have also reai 
ull tliut lie liiiB writtrii on llie sobject ; yet, on th^ 
other, ho ciinnot aeRiime thut none have done so, aai 
that \w M therefore free to repeat (in a nion 
nioJified form) much that he has formerly u 
wna, perhaps, somewhat too careful in writing for yoa 
)mgt« to avoid touching at any length on any parts c 
the subject, which I hud more particularly dealt witl 
elsewhere ; and accordingly I have laid myself open t 
a method of attack, which in reality involves the sug^ 
gestion that I have written without due consideration.' 
even of the elements of my subject. I have no donbt; 
that Dr. Carpenter haa no wish to imply this directlyy 
j-et indirectly it is implied In every paragraph of i 
ivply. I shall be able to show, liowever, that every onp 
of the points toucbed on by Dr. Carpenter had been fully 
consideivd by me — and, for the moat part, several months 
before he had turned his attention to this subject. 

First, there is the remark that I have left out < 
view the circumstance that if there is excess of evapa; 
ratiou in the intertropicAl area, tbe excess ought I 
show itself, as in the Mediterranean, in an wureaae q 
specific gravity, whereas the specific gravity of tin.' 
equatorial water is loirer than that of tropical water. 
Now, it is unquestionably true that the effect of evapo*! 
ration is to increase the specific gravity of sea-water; 
bat it is equally true tbat the effect of the beat whiil 
causes the evaporation is to diminish the specific 
gravity. Tbe point is considered in my essay entithd! 
* Is the Gnlf Stream a Mvtb ? ' in the first s 
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ay, ' two contrary effects as tlie immediate r 
of the sun's action. In the first place, by warming the 
equatorial waters it tends to make them lighter; in 
the second place, by causing evaporation it renders them 
Baiter, and so tends to make them heavier.' And I 
proceed to inquire which cause is likely to be the more 
effective, arriving at the conclusion that the water is 
made lighter. The case, indeed, appears to me to be 
altogether different from that of the Mediterranean 
Sea cited by Dr. Carpenter, In the Mediterranean .we 
have the same heating action as on the Atlantic in the 
same latitudes, but not the same relatively enormous 
quantity of water freely communicating with the region 
so heated. We have, then, in the Mediterranean 
evaporation as everywhere else, and evaporation to the 
same degree, appreciably, as elsewhere in similar lati- 
tudes ; but evaporation not compensated as in the open 
Atlantic by the effects of free communication with 
surrounding water. Hence we have in the Mediter- 
ranean an increase of saltneas ; in other words, an in- 
crease of specific gravity. And precisely because this 
increase takes place in the Mediterranean, whereas the 
water of the Atlantic in the same latitudes, exposed to 
the same average degree of heat, is not rendered heavier, 
it may be maintained not unreasonably that the 
water of the equatorial Atlantic being unconfined, 
will in like manner not be rendered heavier by eva- 
poration. It seems to me that we have here a positive 
argument of great weight in favour of my viewa. 
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But independently of this I wonld ask whether it can 
be questioned that enormous evaporation does taka 
place over the equatorial area. This is what I contend 
for, and I should have imagined that few would under- 
take to deny the proposition. 

In passing, I mnst remark tliat I do not adopt the 
distinction between equatorial and tropical water which 
Dr. Carpenter appears to recognise. I have in view 
the evaporation over an enormously larger area than 
considers — no less an area, in fact, than the whole 
ocean between latitudes 40° north and south of the 
equator (at the equinoxes, and varying according to 
the season). It by no means follows that because the 
equatorial current does not cover this enormous area, 
therefore the relation which I have suggested 
the mainspring of oceanic circulation has not that 
extent. On the contrary, while it is on the one hand 
certain that there is an excess of heat over thia 
enormous area, it ie on the other almost a necessity of 
my theory that the resulting current should be found 
running along the middle only of the great region of 
evaporation. 

This brings me to Dr. Carpenter's second ohjection, 
that if the removal of equatorial water draws in polat 
water from the bottom, the whole intermediat-e stratuni 
should first rise towards the surface. I do not hold 
the view thus demolished, bat simply that the inflow 
is from below. The qneation whether the inflow would 
be from above or below was dealt with by me in b 
paper on ' Oceanic Circulation ' in the Stvdent for 
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July 1868. I do not urge tliis as a proof that Dr. 

Carpenter's objection is invalid. My reasoning may 

admit of being refuted. But I wish to show that the 

objection is not a new one to me. The inflow niay be 

from below without being from the bottom. If it were 

from the bottom it would not have the effects I have 

ascribed to it, that is, it would not result in a west- 

wardly-flowing current. What I conceive is that since 

the whole tropical and equatorial area is a region of 

excessive evaporation (aa surely no physicist will deny), 

there is over the whole region a depression of the ocean 

level. This depression may be, or rather must be, 

I ■exceedingly minute; but the total quantity of water 

■ thas, as it were, wanting, must be enormous. The 

•difference must, by the laws of fluid equilibrium, be 

■Bupplied, and though the immediate supply in equa- 

borial regions may come from tropical regions, the 

ViSotua] source of the total supply must be sought for in 

■liigher latitudes. That the water drawn in under these 

fdrcum stances would traverse the surface of the Atlan- 

f no means proved by the fact that the eminent 

lathematicians cited by Dr. Carpenter consider that 

I in-dranght to replace water 'swept off from the 

rface ' by trade-wind action would be a surface cur- 

The two cases are wholly dissimilar. I must, 

wever, admit that my case is one of extreme diffi- 

nlty regarded as a problem in hydrodynamics. It is 

difficult that I do not believe it can be solved even 

■wter the very imperfect fashion in which hydrodyna- 

Biical problems have hitherto perforce been dealt with. 
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Wliou the physics of hydrodynamics have been treated 
by mathematicians like the physics of astronomy, nr 
rather when they can be so treated, it may be possible 
to deal with this problem. Unless I greatly mistake, 
however, in auch a then we sliall find a never. 

I do not see how the action of the canse I have 
considered is affected by the circumstance that the 
equatorial heat does not show any effects below 200 
fathoms ; for the cause is in its very nature a surface 
one. But I would remark that, so far as continuity of 
action is concerned, the equatorial heat seems at least 
on a par with the polar cold. For as the aqueous vapoi 
rises it finds its way to regions where the atmospht 
circulation is at work to carry it away (it is only 
surplus quantity which is condensed into olouds, an( 
even these are in great part carried away) ; and thus 
the process of evaporation can hardly be exhausted. 
Even at night, though in a modified manner, the eva- 
poration must continue. But the action of the polar 
cold, though it is continuous in the sense that the 
increase of cold extends to great depths, yet has this 
great difficulty to contend with, that the descending 
water must perforce wait until room is made for it 
the alow removal, the creeping away, as it were, of tl 
which it replaces. That this cause, per se, can 
become one of suflncient activity ' to generate a compl 

' In passing I mftj notice tliot I did not suppose Sir J. Hers 
to be horaorona in reference to the intenaity of the polar 
but in his use of the word ' empbosis,' I shouid not bare 6 
on the point, did I not thoroughly ajmpathise with the emph 
le of specolative or theorelical opinions. 
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system of vertical oceanic circulation seems at tlie least 
open to grave question, It appears to^me also that 
when applied to the North Pacific this theory fails. 
Very little water can pass through Be hring' a] Straits, and 
beyond Behring's Straits there is an island-locked and 
shallow sea of enormous area, altogether nnlike the deep 
North Atlantic. 

I would further point out that the interesting fact 
above mentioned, namely that the equatorial heat exerts 
no perceptible effect at a depth exceeding 200 fathoms, 
is in reality almost a necesaitj for my theory. For if 
the whole of the equatorial ocean were heated, and, 
lerefore, of reduced specific gravity, the water arriving 
higher latitudes would flow to the bottom, and so 
have to force np the intervening strata, in order to pro- 
duce the observed effects ; and this may be regarded 
as impossible. As it is, such colder and heavier water 
would be in dynamical equilibrium within a very short 
listance of the surface. 

Next, as to the question of rainfall. Dr. Carpenter 
considers that I have overlooked the considerations (1) 
that the rainfall of Europe and North America may be 
accountied for by the evaporation in the Mid-Atlantic, 
beyond the region of the trade-winds, say between 20° 
and 40° north latitude ; and (2) that there is an enor- 
mous rainfall in the region of equatorial calms, which 
Sir John Herschel attributes to the deposit of waters 
taken up by the N.E. and S.E. trades. To this I must 
reply that in my essay on Rain, in the Intellectual 
Ohseroer for December 1867, I have weighed the 



whole qaestioQ of minftJI at least with great care, and 
with constant reference to the beat sources of informa- 
tion. One circuniBtauce I there note which aeema at a 
first view (or rather viewed as Dr. Carpenter appears to 
consider the matter) much more fatal as an objection 
to my theory than either of those noted by Dr. Car- 
penter ; viz., that according to the observations of 
Humboldt and others, the annual rainfall is at a mari- 
nium at the equator, and diminishes with increase of 
latitude. But the wliole question is, where does aU 
this rain come from ? If it comes from tropical and 
equatorial evaporation it will surely not be argued that 
what falls in or near the place of evaporation itself^ 
represents the total amonnt of such evaporation. It i&i 
unquestionable, I conceive, that the rainfall is only the 
escess of the aqueous vapour poured so copiously into 
the air from the whole of this region. It is the quan- 
tity which the air, as it were, rejects. It ia a matter of 
little importance where the rainfall of higher latitudes 
comes from, though it should be noticed that the views 
of Dov6, Kaemtz, and other leading meteorologists re- 
specting the winds and rains of high and low latitudes, 
support my remark about the great rivers. 

Now we have in the phenomena of the zone of cahns ■ 
a crucial test of Sir J. Hexachel's theory as to the origin. 
of the equatorial rains. It appears to me that this test 
altogether negatives Herschel's theory. If the moisture 
to which these equatorial rains are due came from the 
trade-wind regions, we should certainly not expect the 
fall of these rains to' be associated in any marked degree 
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nth the progreas of the equatorial day; or, if at all, 
then the cooler parts of the day, when the point of 
saturation is lower, would be the time of precipitation. 
With the mid-day heat would come a cessation of pre- 
cipitation. As a matter of fact the contrary is the 
case. The sun (we are told by Dov6, Kaemtz, Hum- 
boldt, Maury, Buchan, and many more) rises commonly 
in a clear sky in equatorial regions. As the day proceeds 
clouds form, and towards mid-day they grow dense. It 
is at noon that heavy showers fall, and towards evening 
the skies again become clear. Now, any one who has 
noticed what happens on calm summer days in any well- 
watered region can see that the equatorial phenomena 
represent the same processes on a greatly enlarged scale. 
On a snmmer'a day in such regions we see how scattered 
cumulus clouds begin to form in early morning, become 
larger and more numerous as the day proceeds, and in 
the afternoon begin to be transformed into cumulo- 
stratus. The explanation is simple. The sun's heat 
has caused aqueous vapour to rise into the air, until 
there is so much that not very far above the earth's 
level the saturation point ia reached. The further rise 
of the vapour is followed by the process of condensation 
into clouds, much heat being given out in the process, 
causing the air to expand in the neighbourhood of the 
clouds so formed, and thas giving to these clouds their 
peculiar rounded tops. (At least this feature seems 
better explained thus than by De Sausaure's theory.) 
Now suppose the conditions changed to those existing 
at the equator. The supply of vapour is very much 
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greater, the saturation pomt ia very much higher near 
the Bea-surface, and the contrast between the conditions 
prevailing there and in the region where condensation 
begins is very much more marked. The air above the 
eqnatorial and tropical seas contains, in the form of 
invisible aqueous vapoar, an enormous quantity of water ; 
thia vapour rises and extends itself, its place being con- 
tinnally supplied by fresh evaporation. Wliat must 
happen when the process has continued for several 
hours, but precisely what is observed to happen ? There 
is an overflow, so to speak, resembling, only much more 
Tnarked, that which causes the formation of our summer 
clouds. Enormous cloud-masses are formed, which, 
cannot be carried away by the atmospheric circulation 
(very high above the calm zone), so fast as they are 
formed. Hence follows excessive accumulation, pre- 
sently resulting in precipitation, accompanied by re- 
markable electrical phenomena. 

But to suppose that the whole quantity of water 
evaporated at the equator and in tropical regions ia 
precipitated there in the form of rain, corresponds to 
such a supposition as that the water overflowing a dam 
includes all that has risen to the level of the dam. 

I should not be greatly concerned if the result of the 
experiments I spoke of should not accord with my predic- 
tion. But merely to put ice in water capable of melting ; 
it, is not in any sense to represent the conditions of the ■ 
actual case. The addition of water from the ice as it. 
melts is not in accordance with these conditions. It 
cannot surely be maintained that the oceanic circulation 
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'depends on the addition of water from the melting of 
yet I apprehend that the melting of ice is no 
important feature of Dr. Carpenter's experiment. At 
.y rate, the ice does melt, and the movement coroes to 
end when all the ice has melted away. Let the ice 
ilie packed outside the arctic end of the canal, so as 
lerely to produce a refrigeration corresponding to what 
mally takes place with water carried into arctic lati- 
'tndes, and I conceive that a. very feeble circulation 
would result. Under the actual circumstances, the 
melting of the ice produces effects much more nearly 
corresponding to those due to rainfall than to the mere 
Tects of arctic cold. The very activity of the circu- 
ition shows that the water which moves towards the ■ 
ice does not undergo refrigeration. Water does not 
cool quite so quickly. It is the melted ice-water which 
descends ; and nothing takes place in the arctic regions 
itrhich corresponds to this continued addition of water 
that already circnlating. Otherwise, the arctic ice 
•ould be continually diminishing, which, of course, ia 
t the case. 
It will be gathered that I agree entirely with the 
pinion which Sir W. Thomson expressed as to the 
why heat is necessary for Dr. Carpenter's experi- 
ment. Heat is necessary, because the ice must be 
pielted to make the experiment succeed. But comparing 
i of heat and refrigeration (iiot of heat and 
Ebe continual inflow of ice-cold water), I conceive that 
meat would be found altogether the more effective. 

Lastly, as to the wind theory of the Gulf Stream, 
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Or. Carpenter remarks that, so far as he knows, I am 
' the only man of science in this country agreeing with 
Capt. Maury in attributing the Gnlf Stream to some 
other cause than the impelling force of the trade winds.' 
He must be aware that there are not half a dozen students 
of science in this country wlio have expressed deiinita 
opinions on the subject after a thorongh and independent 
inquiry into the evidence. Amongst those who main- 
tain the wind theory there is not one, so far as I know, 
with whom Dr. Carpenter is in agreement. Mr. Laughton 
disputes the very principle of Dr. Carpenter's reasoning, 
holding that the change of temperature from equator to 
poles proceeds too slowly mile for mile to produce the 
• effects which Dr. Carpenter indicates. Mr. CroU, in 
like manner, has expressed bis complete dissent from 
Dr. Carpenter's reasoning. So also has Mr. Findlay. I 
believe these gentlemen to be mistaken, and I conceive 
that I have been able to put my finger on the precise 
point where their respective lines of reasoning fail. 
But, if Dr. Carpenter is to take general consent as an 
argument, and to maintain that I am wrong because he 
knows of no one who agrees with me, I may as well 
point out that he is entering into a verj- questionable 
alliance, so far as his specia! views are concerned. So 
far as I kuow, all the Continental students of science 
who share our common views as to vertical circulation, 
reject the wind theory as solebj sufficing to account for 
the Gulf Stream. Again, he sets Sir J. Herschel's 
opinion (thirty years ago) that 'the Gulf Stream is 
enUrely due to the trade winds ' as almost conclusive 
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ainst me. It is, at least, not new to me, since it 
} cited in every paper I have wiitten on the subject. 
But 13 there no evidence to show that Sir J. Herschel 
abandoned the view he formerly entertained ? I would 
V.&ak what Sir John Herscfael implies when, in Us letter 
ito Dr. Carpenter, he writes, ' The action of the trade 
and coonter-trade winds, in like manner, cannot be 
ignored ; and henceforward the question of ocean cui^ 
rente will have to be considered under a twofold point 
of view.' The word 'ienceforward ' implies very dis- 
tinctly that Sir J. Herschel was entertaining a new 
opinion — that is, an opinion new to him ; and I think 
r. Carpenter would find it difficult to demonstrate that 
tiis new opinion would not have enforced the omission 
F the word entirely from the sentence quoted by Dr. 
ICarpenter. 

I need hardly say that I do not agree with Captain 
Lanry, whose theory of cxieanic circulation appears to 
me to be wholly untenable. Nor do I for a moment 
t that the winds play no part in producing oceanic 
inlation. I may have been mistaken in attaching 
3 much weight as I have to Maury's evidence as to the 
de-wind zones, though it is known that science owes 
plore to him than to any man for our present knowledge 
I the winds prevalent in certain regions ; and when I 
t wrote on the Gulf Stream there was no evidence on 
&e subject even approaching Manry's (or that collected 
J Maury) in accuracy and completeness. Bnt there is 
^e argument which those who have adopted the trade- 
3 the primary cause of the Gulf Stream appear 



to me to have overlooked, and it is on this argument 
thilt my own view has been chiefly based. The trade- 
wind zone of the northern hemisphere is not constant 
in position ; but travels northwards and southwards, 
with the northerly and southerly motion of the 8u: 
declination. The change in the position of the zone di 
calms is not, indeed, so great as is stated in Bnchan'a 
meteorology, where it is said to travel from 25° north to 
2o° south of the equator; but it is considerably greater 
than was supposed by Dovfi, Kaemtz, and others. If we 
set the extreme shift; of the northern trade^zone at ten 
degrees we are certainly not overrating it. Taking 
this zone as extending in spring or autumn from 10° to 
25° north latitude, we should have it in winter extending 
from S° to 20°, and in summer from 15° to 30°, the 
only part common to these two ranges being that from 
15° to 20° — that is to say, the northern five degrees of 
the winter zoue, and the southern five degrees of the 
Slimmer zone, each zone being 15° wide. Now, if any 
one will mark these zones on the North Atlantic, he 
will find that while the zone of winter trades would 
produce a corrent flowing into the southern half of the 
Gulf of Mexico, the zone of summer trades would pro- 
duce a current flowing into the northern half. The 
former would produce a current flowing as the Gulf 
.Stream actually flows ; the latter would prodnce a 
rent flowing precisely in the opposite direction. This 
being the case, I do not find the evidence for tlie trade 
winds as the sole or even the main cause of the GaM 
Stream altogether convincing. The case does not, tot 
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instance, seem quite 'as clear as the rotation of the 
earth.' It seems, also, not undesirable to mention that 
the equatorial current and the Gulf Stream are not 
mere drift-currents, and that on a careful estimation of 
the frictional action of such winds as the trades on the 
surface of the ocean, the action will be found quite 
unequal to the propulsion of so vast a body of water as is 
actually carried westwards (not, by the way, iefore these 
winds). Until diflSculties such as these have been ' 
removed from the trade-wind theory as solely sufficient 
to account for the Gulf Stream, I think I would rather 
be the only student of science opposing that theory, 
than one of a phalanx, however large, maintaining it. 
There is, however, no such phalanx ; the subject being 
regarded by nearly all students of science as a very 
open one. 

EnijUsh Mechanic^ Aug. 30, 1872. 



THE CLIMATE OF GREAT BRITAIN. 

If there is one feature in the material relations of a 
country which may be considered as characteristic — as 
of itself suflScient to define the qualities of the inhabit- 
ants, and the position they are fitted to occupy in the 
world's history — ^it is climate. ' It includes,' says Hum- 
boldt, 'all those modifications of the atmosphere by 
which our organs are affected — such as temperature, 
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humidity, variations of barometric pressure, its txEm- 
■laillity or subjection to fore^n winds, its parity or 
admixture with gaseoas exhalations, and its ordiBary 
transparency — that clearness of sky so important through 
ite infiaence, not only on the radiation of heat &om the 
soil, the development of organic tissue and the ripening 
oTfrnits, bat also o« the fjuljlov of moral eenllmentg in 
thf difffrifn.1 i-atxni.' I do not propose, however, to deal 
with the constitntion of the cUmat« of Great Britain 
under thia general view. To do so, indeed, would require 
somewhat more space than can in this Tolonie be con- 
veniently allotted to a single subject. I wish chiefly 
to consider the subject of temperature (mean annual 
and extreme winter or snmmer temperature) ; though 
I shall have a few words to say respecting that featmv 
of our climate which most foreigners consider to be its 
chief defect — the want of transparency or clearness in 
our skies as compared with those of some other Europeaa 
conn tries. 

The mean annual temperature of a country is lea 
important to the welfare of the inhabitants than the 
extreme range of temperature exhibited in the coarse 
of the year. Of two conntries which have the same 
mean annual tempe«iture, one may have a climate 
most admirably adapted to the welfare of its inhabit- 
ants, white the other may have a climate offering snoh • 
fierce and violent eitrvmea of heat and cold that ita 
inhabitants resemble the unfortunates described by 
Dant«, doomed 

' — a sothii wnaenti e cildi e geli.' 



THE CLIMATB OF QJtSAT BRITAIN 



255 



However, I shall deal first with this feature — mean 
annnal temperature — as affording a starting-point from 
which to proceed to other considerations. 

If the surface of the earth were perfectly uniform, or 
aymmetricaUy distributed into districts of land and 
water arranged in zones along latitude-parallels, and if 
the strata of the soil were throughout of like density, 
radiating power, and elevation, the lines of equal mean 
lemperature would be parallels of latitude. This hypo- 
Shetical condition of things is, we know, very far from 
representing the true condition of the earth's surface. 
Land and water are distributed in a manner which 
bardly presents the semblance of law ; elevations and 
depressions, not merely of areas of limited extent, but 
gf whole countries, are exhibited in each hemisphere ; 
snd endless diversities ofsoO, contour, and distribution, 
disturb that mathematical uniformity and exactness 
which could alone produce the co-ordination of climateH 
Under latitude-parallels. 

It is to Humboldt that we owe the valuable propo- 
sition that maps of the world should exhibit paralMs 
of heat, as well as latitude-parallels ; and no atlas is 
BOW considered complete without maps in which iso- 
'ikerms, or lines of equal mean annual temperature, 
iaocliimenak or Hues of equal winter heat, and iso- 
iherals or lines of equal heat in summer, are exhibited. 
These lines are usually presented in maps on Mercator'a 
projection, an arrangement which has some advantages, 
"rat is not, on the whole, very 'weli suited to exhibit the 
rue conformation of the isothermal lines — the study of 
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n-hich. it Ims Wn well remarked, constitntes the baas 
of all cliniatologT. 

In Fi<rs. I and 2. the northern hemisj^ere of the 
earth is iin'pented on a projection (the eqnal snrface) 
which liiii 1--.-1I discussed in my ' Essays on Astronomy.' 




Tlie smalluesa of the scale wonld not readily permit of the 
introduction of the system of isothermal lines uBnally 
presented, therefore I have only introduced the iaotherra 
wliicli passes through London. In both figares this 
isotherm is represented by a dotted closed curve passing 
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across the south of England, thence across the Atlantic 
in a south-westerly direction, and across the continent 
of America nearly on the latitude of New York. After 
it has entered the Pacific Ocean, the isotherm passes 
somewhat northwards, but trends southwards again as 
it nears the Asiatic continent, reaching its greatest 
southerly range in the Sea of Japan, traversing Asia 
nearly on the latitude of the Aral Sea, and thence passing 
somewhat northwards through the Crimea, Vienna, and 
Brussels to London. Along its whole extent the iso- 
therm nowhere has a higher latitude than where it 
crosses the British Isles; in other words, the mean 
annual temperature of Great Britain is higher than 
that of any country lying between the same latitude- 
parallels. The advantage of this arrangement is second 
only in importance to that which England will be seen 
to possess when we come to consider the extreme 
range of temperature during the year. In fact, Eng- 
land is thus brought to the centre of the true temperate 
zone of the northern hemisphere; and the considera- 
tion of Figs. 1 and 2 will show that the isotherm of 
London approaches as near to the tropic of Cancer 
in one part of its course as to the Arctic circle in 
another. 

Before leaving this part of the subject, let me note 
a circumstance, not immediately connected with the 
climate of Great Britain, but geographically interesting. 
In examining the polar presentation of the London 
isotherm, we see that in two parts of its course it 
exhibits a tendency to travel northwards, and becomes, 

n. s 
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jsing in towards two poles of cold. These are indi- 
cated in Figs. 1 and 2 by two black spots, one north 
of the American, the other north of the Asiatic con- 
tinent. It is to be noted, however, that at the American 
pole the mean annnal temperature is not quite so low 
as at the Asiatic pole, the former temperature being 
3J-°, the latter P Fahrenheit. 

Returning to our subject, let ua consider the all- 
important question of range of climate. The effects 
of climate, unimportant to the stronger inhabitants of 
a country, but largely inflnenciag the health and com- 
fort of the majority, are chiefly felt through the changes 
that occur during the year. Now, we have seen that 
the line of mean annual temperature of England departs 
in a very marked manner from coincidence with a 
latitude-parallel ; but we shall find the lines indicating 
the extreme temperatures of the year much more 
irregular; and the peculiarity of climate, which their 
conformation illustrates, much more important. 

In Fig. 1 the ieochimenal, or the line of equal win- 
ter heat, through London, is indicated by a strongly- 
marked closed curve. Its fonn ia remarkable. It passes 
nearly in a north and south direction, along the length 
of England and Scotland, approaches singularly near 
to Iceland, but turns shai^ly southwards, and travels 
across the Atlantic in a direction which brings it to 
the American continent near Washington, Stil! ap- 
proaching the tropica, it travels through the northern 
parts of Texas, where it reaches its greatest southerly 
range. Passing gradually northwards to the neigh- 
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bourhood of the Aleutian Islands, it thence trends 
southwards again, passes through the Corea, traverses 
the Asiatic continent nearly on the latitude-parallel 
of Nankin : thence travelling slightly northwards, it 
crosses the southern part of the Caspian Sea, the Black 
Sea, and the north of Turkey, passing through Venice 
and Paris to London. On the continents the isochime- 
nal falls outside (that is, south of) the annual isotherm, 
while on the oceans the reverse holds. The projection 
of the isochimenal thus appears as an irregular oval, 
whose greatest length lies on the continents. 

We see here, again, the indication of a tendency to 
form two curves, and thus of the presence of two poles 
of extreme winter cold in the northern hemisphere. 
The isochimenals of greatest cold hitherto traced in 
the two continents are shown by two broken curves 
in Fig. 1. The cold of the Asiatic curve is very much 
greater than that of the American, the former curve 
marking a winter cold of —40° Fahrenheit (72° below 
freezing), the latter a winter cold of —26° 5' only — if 
one may apply such an adverb to a cold of 58° 5' below 
freezing. Professor Nichol remarks that, 'if a polar 
projection were made of these regions for January, it 
would be found that the two coldest spaces of these 
continents form a continuous band passing across the 
pole of the earth.' I cannot but think that this is a 
mistake. I believe that if the isotherms traced, in 
part, in Fig. 1 could be completed, they would be 
found to form two ovals. The American oval would 
enclose the American pole of mean temperature, but 
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very eccentrically, showing that the pole of extreme 
winter temperature lay westwards and southwards, pro- 
bably near Victoria Land. The Asiatic oval would 
not probably enclose the Asiatic pole of mean tempera- 
ture; and the position indicated for the Asiatic pole 
of extreme winter cold lies on or near the Arctic circle, 
where it is crossed by the river Lena. At the true 
pole of the earth the extreme winter cold is probably 
not nearly so intense as the cold at either of the points 
here indicated. 

Prom the direction of the isochimenal through Lon- 
don, it is evident that the Eastern Counties and Kent 
experience the coldest winters of all places in the 
British Isles, while Cornwall and the south-westerly 
parts of Ireland enjoy the mildest winter climates. 
In fact, winter in Cornwall is not more severe than 
in Constantinople; and in south-west Ireland the 
winter is still milder, approaching in this respect to 
the winter climate of Teheran. 

The contrast, when we turn to the isotheral of Lon- 
don, is remarkable. Instead of travelling nearly north- 
wards, this curve passes in a south-westerly direction, 
reaching its greatest southerly range in the central 
part of the Atlantic Ocean ; thence it travels with a 
northerly sweep through Nova Scotia and Canada, till 
it reaches its greatest northerly range near the Eocky 
Mountains.^ Thence it turns sharply southwards, 

' It is noteworthy that the minimum distance of the isotheral 
from the North Pole here attained is exactly equal to the minimum 
distance of the isochimenal from the equator. 
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crosses VaDcouver's Island, sweeps nearly to latitui 
46° in the central part of the Pacific, whence passing 
slightly northwards it crosses the southern part of 
Saghalien Island. Here it tuma sharply north' 
crosses that very district of Siberia which, in Fig. 
is occupied by the isochimenal of intensest winter 
traverses Siberia, and passes near St. Petersburg, through 
Berlin and Amsterdam to London. 

The relations thus presented by the isothera! of 
London are precisely the reverse of those exhibited 
by the isochimenal. The isotheral forms a closed 
gular oval, whose greatest length lies on the two ooeana i 
here it falls outside the line of mean annual ht 
while on the Continent it falls far within this line. 

In another respect the isotheral presents a note- 
worthy contrast to the isochimenal. While the latter 
encloses an area largely exceeding the area enclosed by 
the mean annual line, the isotheral encloses an 
noticeably smaller.' 

A tendency to break up into two curves is exhibil 
in the isotheral, even more markedly than in the two 
other curves. But singularly enough, here, where one 
would expect more certain information of the existence 
of poles of cold, since so much more of the northern 
hemisphere can be travereed in summer than in winter, 
we have no satisfactory evidence. In fact., the irregular 
curve marked in near the pole in Fig, 2 is the most 

' Here an important advantage of the isograpbio projection ia 
eshibited. The relation pointed oat is altogether obliterated in 
MercBtor's projection, and could only be roaghlj inferred from any 
bat an iflogratJiio projection. 
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tortherly isotheral yet determined. The temperature 
Sorresponding to this isotheral is 36° Fahreidieit, or 
■ees above freezing. From s. consideration of 
I form-variations of tlie isotherala aa they travel 
lorthwards, I have been led to the opinion that there 
(xist three poles of summer cold, and that these fall 
V'fiot very far from the poaitiona indicated by the small 
l-dark circles in Fig. 2. 

From the direction of the isotheral line through 

■ lioiidon, it is evident that along the south-eaatern coast 
WxS England the heat of summer ia greater than in any 

■ Other part of the British Isles. On the other hand, 
llihe northern parts of Scotland, which we have seen 

mjoy a winter climate fully as warm as that of London, 
much cooler sammer climate. The south- 
restem parts of Ireland exliibit a change even more 
markable. For whereas the winter climate in these 
rta is the same as that of Persia, the summer 
limate is the same as that of the very portion of 
Siberia in which (most probably) the greatest cold 
observable in our northern hemisphere is ex- 
rienced in winter. The summer of the Orkney 
igain, ia no warmer than that of the southern 
s of Iceland. 

It appears, then, that the inhabitants of England 
■ijoy three notable advantages aa respects climate. 
1 higher mean annual temperatare than that of 
toy other country so far from the equator ; secondly, 
, moderate degree of cold in winter ; and lastly, a 
jderate degree of heat in summer. The last two 
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adraDtAgea resolve themselves into one, viz. small 
range of teroijeratnre tlironghont the year. Oar range 
of climate is from about 36° in winter to 62^'^ in 
Bummer, or in all, 26J° Fahrenheit. Compare witi 
this the climate of the countiy near Lake Winnipeg, 
with a winter cold 4° below zero, and a summer heat 
scarcely inferior to that of London ; bo that the range 
of climate is no less than 65°. Yet more remarkatle 
is the variation of climate in parts of Siberia, near 
Yakutsk; here the range is from —40° in winter to 
62° in summer — a variation of 102°, or four times tlw 
variation of our London climate. Other parts of tliB 
British lalea have, however, a yet smaller range even 
than that of London. Thus in the south-western parts 
of Ireland, and in the Orkney Isles, the variation if 
leas than 19°. 

Nor is it difficult to assign sufficient reasons for tiiR' 
mildness of the British climate— for our warm winteiS' 
and cold summers. It will appear, on examination,, 
that nearly all the constant causes affecting the tem- 
perature of a climate operate to raise the mean tem- 
perature of our year, while, of variable causes, thofl^ 
which tend to generate increased heat operate : 
winter, while those which have a contrary effect operatt 
in summer. 

Humboldt enumerates among the canses tending t 
exalt temperature the following non-variables ; — Tha 
vicinity of a west coast in the northern temperate zone j 
the configuration of a country cut up by numerous 6 
bays and far penetrating arms of the sea; the rigl^ 
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position of a portion of the dry land, Le. its relation to 
an ocean free of ice, extending beyond the polar circle 
or to a continent of considerable extent which lies 
beyond the same meridional lines under the equator, or 
at least in part within the tropics ; the rarity of swamps 
which continue covered with ice through the spring, or 
even into summer; the absence of forests on a dry, 
sandy soil, and the neighbourhood of an ocean-current 
of a higher temperature than that of the surrounding 
sea. 

All these causes, it will be observed — except the 
neighbourhood of a tropical continent on the same 
meridian — tend to increase the mean heat of the climate 
in England. The great Gulf Stream probably exer- 
cises a more important influence than any of the others. 
Its position is indicated in Figs. 1 and 2. Humboldt 
attaches a high importance to the presence of a tropical 
continent on the same meridian ; and he considers that 
the climate of Europe is warmer than that of Asia, 
because Africa, with its extensive heat-radiating deserts, 
lies to the south of Europe, while the Indian Ocean 
lies to the south of Asia. There are objections, how- 
ever, to the reasoning he adopts. In the first place, if 
the heat-radiating power of a continent really influenced 
the country lying to the north, it should tend to lower 
rather than raise the temperature, for the ascending 
currents of air would strengthen the currents of colder 
air pouring in from the north, and these currents — 
on Humboldt's assumption that the country directly 
to the north is that aSected — would lower the mean 
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nnnual temperature. It would only be exceptionally 
tlmt the warmer returning currents would deecend, and 
thus exalt the temperature. It seems clear, however, 
tbat Asia is the continent chiefly affected by the heat- 
radiating power of Africa ; since the cold currents &am 
the north travel eastwards, while the warm return- 
current has n westerly motion, "We should thus attri- 
bnte the milder climate of Europe rather to the 
influence of the tropical i»arts of the Atlantic Ocean, 
than to the cause assigned by Humboldt, and we 
should invert the effects he attributes to oceans and 
continents respectively. With this change — somewhat 
a bold one, I confess '^we may say that all the non- 
variable causes tending to exalt temperature operate in 
England's favour. 

The constant causes tending to lower temperature 
are simply the converse of those above considered. 

Of variable causes increasing temperature, the 
principal are a serene sky in summer, and a cloudy 
sky in winter. It may appear, at first sight, para- 
doxical to assign opposite effects to a cloudy sky. It 
must be remembered, however, that clouds, considered 
with reference to temperature, have two iiinctioDS : 
they partially prevent the access of heat to the earth, 
and they partially prevent the escape of heat from the 
' Not unaapporWd, however, by good authority. Thus Profaasoi 
Nicliql, spcflMog of the climate oE Enrope, writes : 'The air that 
rises in Africa blows rather over Asia than Europe. The cradle of 
OUT winds is not in Sahara but in America.' Again, Kaemtz notices, 
that if the effects of oceans and continents were those assigned by 
Humboldt, we shonld find in the western parts of America a colder 
climate than in the eastern parts ; the reverse, however, is the case. 
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earth. Now, in smnmer the first-named influence is 
more important than the second : the days are longer 
than the nights ; that is, the earth is receiving heat 
during thfe greater part of the time in summer. A 
canse, therefore, which affects the receipt of heat is 
more important than a canse affecting the escape of 
heat. On the other hand, in winter the nights are 
longer than the days, and the influence of clouds in 
preventing the escape of heat becomes more important 
than their effect on the receipt of heat,' In fact, we 
may compare the influence of clouds to the effects of 
certain kinds of clothing; flannel, for instance, is as 
suitable an article of dress for the cricketer as for the 
skater. 

Now the climate of England is remarkably humid 
both in winter and aummer. And tliis humidity is 
shown, not so much by the quantity of rain which falls, 
us by the frequent presence of large quantities of 
aqueous vapour in the atmosphere. Skies, even, which 
I we in England consider clear, are overcast compared 
1 with the deep-blue skies of France or Italy. What the 
influence of these humid palls may be ' on the outflow 
of moral sentiments ' which Humboldt considered to be 
avourably influenced by transparent skies, I shall 
not here pause to inquire. It is clear, however, that 

' Gilbert Whiw noticed long ago — apparently without imder- 
I standing — the influence of a clouded eky on the temperature. ' We 
I haveottenobaerved.'hesaya, 'that cold seems to descend from above; 
1' for, when a theTmometer hangs abroad on a fiostj eight, the inter- 
[. Tontion of a cloQd shall immediately raise the mercury ten degrees ; 
a cleai' sky shall again compel it to descend to its former gauge.' 
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llie iuflaence of our cloudy skies tends to modify tliB 
severity both of our wiuter and oor aummer seaaone; 
and these benefits are so gi-eat tliat we may cheerfnlly 
accept them as more than a counterpoise for hypo- 
thetical injurious effects on 'the outflow of our moral 
Bentimeiits ' (whatever that may mean). 

I proceed to consider the actual variations presented 
in the course of a year in England. As some selection 
must be made, I shall select a series of obsei-vationa 
which have been made at Greenwich during the present 
century. It will be gathered from the preceding 
pages that the range of temperature at Greenwich is at 
least not less than the average range of the British 
Isles, Greenwich, also, from its neighbourhood to 
London, and from the number and accuracy of the 
observations made there, is obviously the best selection 
that could be made. It must not be forgotten, how- 
ever, that the climate of Greenwich is not the climate 
of the British lales, and that careful observations made 
in other places have sufficiently indicated the existence 
of lo<xd peculiarities, which, therefore, it may fairly be 
assumed, characterise also the Greenwich indications. 

In Pig. 3 the annual variations of mean diomal 
temperature are represented graphically. The figure 
was formed in the following manner : — A rectangle 
having Ijeen drawn, each of the longer sides was 
divided into 3C5 parts, and a series of parallel lines 
joining every tenth of these divisions was pencilled in. 
The spaces separating these lines represented successive 
intervals often days throughout the year. The shorter 
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sides were divided into thirty-three parts, and parallel 
lines drawn joining the points of division. Of these 
longer parallels the lowest was taken to represent a 
temperature of 32° Fahrenheit (i.e. the freezing point), 
and the others, in order, successive degrees of heat up 
to 65°. Then, from the Greenwich tables, which have 
been formed from the observations of forty-three years, 
the temperature of each day was marked in, at its 
proper level and at its proper distance from either end 
of the rectangle. Thus 365 points were marked in, and 
these being joined by a connected line presented the 
curve exhibited in Fig. 3. The lines bounding the 
months, and the lines indicating 35°, 40°, &c., Fahren- 
heit, were then inked in and the figure completed. 

The resulting curve is remarkable in many respects. 
In the first place, it was to have been expected that a 
curve representing the average of so many years of 
observation would be uniform ; that is, would only 
exhibit variations in its rate of rise and fall, not such 
a multiplicity of alternations as are observed in Fig. 3. 
And this irregularity will appear the more remarkable 
when it is remembered that the temperatures used as 
the Greenwich means are not the true average tem- 
peratures. They were obtained by constructing a curve 
fix)m the true averages, and taking a curved line (the 
curve of Fig. 3, in fact) in such a way as to take off 
the most marked irregularities of the true curve of 
averages ; or, to use the words of the meteorologist who 
constructed the Greenwich table of means, Mr. Glaisher, 
a curved line was drawn which passed through or near 
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1 the points determining the true curve of averages, 

[and in such a way that the area of the space above 

Bie adopted line of mean temperature was equal to that 

fllowthe line.' Despite tliis process, the curve exhibits 

lesB than fourteen distinctly marked maxima of 

ration, and a much larger number of variations of 

The sudden variations of temperature at the 

jinning of February, early in April, and early in 

itay, are very remarkable ; they have their counterparts 

I the three variations which take place between the 

ptter part of November and the end of the year, only 

occur in much moi-e rapid succession. Tfae 

kfttnre of the curve between June and August ia also 

markable, b& are the three convexities which are 

^hibited in the September, October, and November 

IBrtions of the curve. 

If we follow our leading meteorologists in taking the 
turve of Fig. 3 as representing the true annual climate 
f London, how are we to assign physical causes for the 
larkable variations above indicated ? Not easily, I 
tftke it. It were, iudeed, as easy aa inviting to specu- 
late on cosmieal causes ; to follow Ertel, for instance, 
assigning effects to those zones of meteorites 
irhich are known to intersect the earth's orbit, and 
thera which may fairly be assumed to fall within or 
without that orbit. It may be, perhaps, that the 
d shooting-star periods have, some of them, 
[heir counterparts iu heat-changes; but certainly the 
s not yet come to pronounce a consistent theory 
f such effects. The evidence afforded by the Greenwich 
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curve on this point is unsatisfactory, to say the least. 
The elevation at the beginning of January, and the 
marked irregularity in February, correspond to Ertel's 
views ; so also the fact that large aerolites have fre- 
quently fallen in the first week in April, about the 
20th of April, about the 18th of May, early in August,^ 
about the 19th of October, and early in December, 
seenis to correspond to elevations in the curve ; while 
depression opposite the 12th of May might be referred 
to the intervention of the zone of meteors which causes 
the now celebrated November shower. But the nega- 
tive evidence is almost equally strong. Where, for 
instance, is the elevation which one would expect, on 
Ertel's theory, in November ? Also, if the cause of the 
observed irregularities were that suggested by Ertel, 
the curves for other countries in the northern hemi- 
sphere should exhibit similar irregularities on corre- 
sponding dates, which does not appear to be the case. 
In fact, if there really exist effects due to cosmical 
causes, these are not likely to be educed from observa- 
tions of the variation of mean diurnal temperature, 
since it is clear that a cause of variation due to objects 
external to the earth could affect only the temperature 
of certain hours of one day or of several days. A cluster 
of meteors between the earth and the sun might 
diminish the mid-day heat ; one external to the earth's 
orbit might increase the nocturnal temperature; and 
though in either case the mean diurnal temperature 

* Reference is not made here to the August shooting-star shower, 
which takes place a week later than the epoch alluded to. 
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would be affected, yet it is obvious that the effect 
would be masked in taking the mean, or even that two 
or more opposing influences might cancel each other. 
If it could be shown that the curve for mid-day, or for 
midnight heat corresponded to the curve of mean heat, 
Ertel's theory would be overthrown at once ; since, for 
its support it is necessary to show that depressions in 
the mean curve are due to mid-day loss of heat, and 
elevations to midnight gain of heat. 

There are, however, terrestrial causes to which the 
irregularities of our curve (which irregularities, be it 
remembered, represent regularly recurring irregularities 
of heat) may be ascribed. For instance, there can be 
no doubt that our climate is considerably affected by 
the changes which take place in the Polar seas ; and 
it may not unfairly be assumed that the processes by 
which different regions of Polar ice are successively 
set adrift (to be carried southward by th| strong under- 
current known to exist in the northern Atlantic Ocean), 
take place at epochs which recur with tolerable regu- 
larity. And it may be that the irregularity of the 
rising as compared with the falling of the heat-curve 
is due to this cause ; since the breaking-up of ice-fields 
and their rapid transport southwards woujd clearly 
produce sudden changes, having no counterpart in the 
effects due to the gradual process of freezing.^ 

It may well be, however, that the observations of 

^ Icebergs have been seen travelling southwards against a strong 
northward surface-current, and even forcing their way through field- 
ice in so travelling. 

n. T 
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forty-tliree years ore not sufficient to afford the true I 
niflan diurnal temperature for a climate so variable aa I 
ours. Indeed, if the curves given by Kaenitz fori 
continental climates be as accurately indicative 
observed changes as that of Fig. 3, we must eith 
accept auch an hypothesis, or else assume that thi 
English climate is marked by regularly recurring 
variations altogether wanting in continental climates ; 
and it ia to be noted that the regular recurrence of 
changes is a peculiarity wholly distinct from variability J 
of climate, properly so termed, and seems even incon- 1 
sist«nt with such a characteristic. It may happened 
therefore, that the observations of the next thirty oct 
forty years will afford a curve of different figure ; anda 
that by comparing the obsen-ationa of the eighty orl 
ninety years, which would then be available, many, i 
all, of the irregularities exhibited in Fig. 3 might be ^ 
removed. In t.his case we might expect our climate- 
curve to assume the form indicated by the light line 
taken tiirough the in-egulnrities of Fig. 3. It will ba . 
observed that this modified curve exhibits but on&B 
maximum and one minimum. It is not wholly free^ij 
however, from, vai-iation.? of flexure. It presents, indeed, ] 
six well-marked convexities, and as many concavities j , 
in other words, no less than twelve points of inflexion..! 
The most remarkable irregularity of this sort is tbab I 
exhibited near the end of November; and it is note-1 
worthy that this irregularity ia presented by continental 
climate-curves also. It las been ascribed by Ertel toB 
the effect of the meteor-zone which causes 
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November shower. But as it is exhibited by the curves 
of horary as well as of diurnal means, while the 
meteor-zone cannot by any possibility affect the tem- 
perature of the earth's following hemisphere^ and as, 
farther, it does not correspond to the true date of the 
shower, this view may be looked upon as doubtful. 
The August curve occurring near the maximum 
elevation — ^where slow change was to be expected, is 
also well worthy of notice; as are the January and 
May flexures. 

It will be noticed that nothing has been said of 
extreme heat or cold occasionally experienced in 
England. As such visits generally last but for a short 
time, their effects are not very injurious, save on the 
very weak, the aged, or the invalid. Corresponding to 
the passage of an immense heat-wave or cold-wave, 
there invariably occurs a sudden rise in the mortality- 
returns ; but almost as invariably the rise is followed 
by a nearly equivalent, but less sudden fall showing 
conclusively that many of the deaths which marked the 
epoch of severest weather occurred a few weeks only 
before their natural time. 

The weather during a part of the late winter was 
somewhat severer than our average English winter- 
weather. The thermometer, however, at no time 
descended below zero, as it did on January 3, 1854; 
and the diurnal mean did not descend at any time so 
low as 10° 7', as it did on January 20, 1838. There is 
no foundation for the opinion, sometimes expressed, 
that our winter weather is changing. An examination 

T 2 



276 LIGHT SCIEXCE FOR LEISURE HOURS 

of the columns in the Greenwich meteorological tables, 
shows that the successive recurrence of several mild 
winters is not peculiar to the last decade or two. The 
observations of Gilbert White, imperfect as they are 
compared with modem observations, point the same 
way. 

Among severe, but short intervals of cold weather may 
be noted that which occurred in January 1768. The 
frost was so intense, says Gilbert White, 'that horses 
fell sick with an epidemic distemper which injured the 
winds of many and killed some; meat was so hard 
frozen that it could not be spitted, nor secured but in 
cellars ; and bays, laurustines, and laurels were killed.' 

White's account of the summer of 1783 will fitly 
close our sketch of British weather-changes. 'This 
summer,' he says, ' was an amazing and portentous one, 
and full of horrible phenomena ; for besides the alarm- 
ing meteors and tremendous thunder-storms that 
affrighted and distressed the different counties of this 
kingdom, the peculiar haze or smoky fog that prevailed 
for many weeks in this island, and in every part of 
Europe, and even beyond its limits, was a most ex- 
traordinary appearance, unlike anything known within 
the memory of man. By my journal, I find that I had 
noticed this strange occurrence from June 23 to July 
20, inclusive, during which period the wind varied to 
every quarter, without making any alteration in the air. 
The sun at noon looked as blank and ferruginous as a 
clouded moon, and shed a rust-coloured ferruginous 
light on the ground and floors of rooms, but was par- 
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ticularly lurid and blood-coloured at rising and setting. 
All the time the heat was so intense that butchers' meat 
could hardly be eaten the day after it was killed ; and 
the flies swarmed so in the lanes and hedges, that they 
rendered the horses half frantic, and riding irksome. 
The country people began to look with a superstitious 
awe at the red, louring aspect of the sun. Milton's 
noble simile, in his first book of " Paradise Lost," fre- 
quently occurred to my mind ; and it is, indeed, par- 
ticularly applicable, because, towards the end, it alludes 
to a superstitious kind of dread, with which the minds 
of men are always impressed by such strange and un- 
usual phenomena : — 

As when the sun new risen, 
Looks through the horizontal misty air, 
Shorn of his beams ; or, from behind the moon, . 
In dim eclipse, disastrous twilight sheds 
On half the nations, and with fear of change 
Perplexes monarchs.' 

Intellectual Ohserver, March 1867. 



THE LOW BAROMETER OF THE ANTARCTIC 

TEMPERATE ZONE, 

The great difficulty presented by the science of 
meteorology lies in the intricate combination of causes 
producing atmospheric variations, and the impossi- 
bility of determining by experiment the relative 
efficiency even of the most important agents of change. 
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As Sir W. Herschel well observed, we are in the 
position of a man who hears at intervals a few frag- 
ments of a long history narrated in a prosy, un- 
methodical manner. ' A host of circumstances omitted 
or forgotten, and the want of connection between the 
parts, prevent the hearer from obtaining possession of 
the entire history. Were he allowed to interrupt the 
narrator, and ask him to explain the apparent contra- 
dictions, or to clear up doubts at obscure points, he 
might hope to arrive at a general view. The questions 
that we would address to Nature, are the very experi- 
ments of which we are deprived in the science of 
meteorology.' * 

It is, therefore, but seldom in the study of this 
science that we meet with phenomena to which we can 
assign a definite cause, or which we can explain on 
simple principles. Even those marked phenomena, 
which appear most easily referable to simple agencies, 
present diiBSculties on a close investigation which com- 
pel us at once to recognise the eJBSciency of more causes 
than one. For instance, the phenomenon of the trade- 
winds, as explained by Halley, appears at first sight 
easily intelligible ; but when we look on this phenome- 
npn as a part merely — as indeed it is — of the marvel- 
lously complex circulation of the earth's atmosphere — 
when we come to inquire why these winds blow so 
many days in one latitude, and so many in another, or 
why they do not blow continually in any latitude 

* Kaemtz's Meteorology. 
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when we consider the character of these winds as 
respects moisture and temperature, the variation of the 
velocity with which they blow, and of the quantity 
of air they transfer from latitude to latitude — we 
encounter difficulties which require for their elucidation 
the comparison of thousands of observations, or which 
baffle all attempts at elucidation. 

There is, however, one atmospheric phenomenon — 
that which I have selected for the subject of this paper 
— which presents a grand simplicity, rendering the 
attempt at a simple solution somewhat more hopeful 
than is usually the case with meteorological phenomena. 
The discovery of this phenomenon formed one of the 
most interesting results of Captain Sir J. 0. Boss's 
celebrated expedition to the Antarctic Ocean. He 
found, as the result of observations conducted during 
three years, that the mean barometric pressure varied 
in the following manner at the latitudes and places 
specified : — 

South latitude Height of barometer Place 



0«> 


C 


29-974 in. 


At sea 


13 





30-016 




22 


17 


30085 




34 


48 


30-023 


Cape of Good Hope and Sydney 


42 


63 


29-950 


Tasmania 


46 





29-664 


At sea 


49 


8 


29-469 


Kergfuelen and Auckland Isles 


51 


33 


29-497 


Falkland Isles 


64 


26 


29-347 


At sea 


66 


62 


29-360 


Cape Horn 


60 





29-114 


At sea 


66 





29-078 




74 





28-928 
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WeaeeliereagriKlnal iiicreaseof barometricpressure, 1 
from tJie equator to about 30° south latitude, and from 
this point at first a gradual diminution — so that in 
abont 40° south latitude we find the same pressore aB 
at the equator, and thence a more rapid diminution. 
The rate of change is illnstrated graphically in Fig. 1, I 
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28^ inches for different southern latitudes, 
northern hemisphere there is a similar 
pressure as we leave the equator, a majdmum ia ther& I 
I attained in about latitude 30°; but from thifi 1 
point towards the poles there is a marked diiference in. | 
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the rate of diminution of pressure in the two hemi- 
spheres. The following table by Schow is sufficient to 
indicate this : — 

North latitude Barometric pressure 

0° 29-853 in. 

10 30-002 

20 30004 

30 30069 

40 30-006 

45 30011 

50 29-943 

• 55 29-960 

60 29-835 

65 29-623 

70 29-722 

76 29-863 

There are minor irregularities in this table, due, 
doubtless, to local peculiarities, the arrangement of 
land and water being so much mofe complicated in the 
northern than in the southern hemisphere. Neglecting 
these (as in Fig. 2, which represents for the northern 
hemisphere the relations corresponding to those exhi- 
bited for the southern hemisphere in Fig. 1), we see 
that there is a much greater resemblance between the 
rise and fall of barometric pressure as we proceed 
northwards than as we proceed southwards. In fact, 
the curve is almost exactly symmetrical on either side 
of 30° north latitude to the equator on one side, and to 
latitude 60° on the other. From 60° the pressure con- 
tinues to diminish for awhile, but appears to attain a 
minimum in about latitude 73°, and thence to increase. 
In the southern hemisphere, if there is any correspond- 
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ing minimum, it must lie in a latitude nearer the aoutli 
pole thau any yet attained. 

The moat miirked feftture in the comparison of the 
two hemispheres is the difference of pressore over the 
eonthem and northern zones, hetvreen latitudes 45° and > 
75°. This ia a peculiarity so remarkable, that for a 
long time many meteorologists considered that the ' 
observations of Captain Ross were insufficient to warrant 
our concluding that bo important a difference really 
exists between the two hemispheres. But not only has 
Captain Maury — from a comparison of 7,000 observations 
—confirmed the results obtained by Ross, but, jn meteor- 
ological tables published by the Board of Trade, the 
same conclusions are drawn from 115,000 observations, 
taken during a period of no less than 13,000 days. In 
fact, it is now shown that the dilference is yet greater j 
than it had been supposed to be from the obaervationa \ 
of Captain Ross. From a comparison of observations | 
made in the Antarctic Seas with those of Captaiu Sir 1 
Leopold McClintock, it appears that the average diffe- 
rence of barometric height in the northern and southeml 
zones, between latitudes 40° and 60°, is about one inch^J 
Figs. 1 and 2 exhibit a relation midway between theao 
later results and those tabulated above. 

Assuming an average difference of only three-quartersj 
of an inch in the northern and southera zones, b' 
latitudes 40° and 60°, let us consider what ia the dif- "■■ 
ference of pressure on these two zones of the earth's J 
surface. The area of either zone is 21,974,260'5 squarfl 1 
miles, and the pressure on a square mile due to ad 
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barometric height of three-quarters of an inch is about 
670,000 tons, therefore the pressure on the northern 
zone, between the latitudes named, exceeds the pressure 
on the southern zone by no less than 14,500,000,000,000 
tons. Including all latitudes within which there has 
been ascertained to be a difference of barometric pressure 
in the two hemispheres, we shall probably be within the 
mark if we say, that the atmospherical pressure on the 
northern hemisphere is 20,000,000,000,000 tons greater 
than the atmospherical pressure on the southern hemi- 
sphere. 

Such a peculiarity as this may almost deserve to be 
spoken of in the terms applied by Sir J. Herschel to 
the distribution of land and water upon our earth, it is 
' massive enough to call for mention as an astronomical 
feature.' I propose to examine two theories which have 
been suggested in explanation of this feature of the 
earth's envelope. These theories are founded on local 
peculiarities, and the feature considered appears as a 
dynamical one — that is, as a peculiarity resulting from 
states of motion in the aerial envelope. I shall endea- 
vour to establish a theory founded on a consideration 
of the earth's mass as a whole, and presenting the 
atmospheric feature in question as a statical one. 

The first theory I have to notice is one founded on 
the configuration of land and water upon the northern 
and southern hemispheres of the earth's globe. In the 
northern hemisphere, and more especially in that part 
of the northern hemisphere in which barometrical 
observations have been most persistently and systemati- 
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cally condncted, there ia mucli more laud than in thftT 
southern hemiBphere. Now barometrical observations 
are referred to the sea-level, and observationa mode in 
Europe aud America may be cousidered as referred to 
the level of the northern parts of the Atlantic Ocean., 
It is argued that the North Atlantic, compared with 
Boutlieru oceans, ia little more thau ' a large lake, having'^ 
elevated banks east and west.' 'Practically, the air 
there is a portion of the solid globe, bo that the uncon- 
fined air will rest upon and rise above the former, as if 
it were solid and a portion of the earth ; so that the 
altitude of the air over the North Atlantic will be in- 
creased some hundreds of feet, and the barometer t 
the sea-level will be pressed upon, not only by the fro© 
air clear of the earth's banks, but also by the air con- 
fined in the basin, much as if the air were at the botton; 
of a mine.' ' 

Presented in the above form, the theory that the 
higher northern barometer is due to the contour of the 
northern hemisphere scai-cely deserves serious comment. 
To speak of the confined air of the North AtlantiiS 
Ocean ia surely unreasonable. An ocean 2,000 1 
across, swept by more frequent storms than are ex 
enced in auy other part of the globe, cannot be very 
aptly compared to ' the bottom of a mine.' An inelastid 
fluid flowing steadily over a rugged surface shows no 
trace, or but the slightest trace, of the nature of that 
surface, by any variations of its owu level. But it ia . 
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still less conceivable that an elastic fluid should be in- 
fluenced in the manner suggested. In fact, if this 
happened, we should no longer be enabled to determine 
the heights of mountains by barometric observations ; 
for according to the theory the air should extend to a 
greater height above mountains than above plains ; and 
as regards comparison between a barometer at the foot 
of a mountain and one at the summit, we might argue 
that the barometer in the valley, compared with a 
barometer at the same level in a plane district, ' is 
pressed upon, not only by the air clear of the mountain 
tops, but also by the air confined within the valley,' so 
that the altitude over the valley is greater by some 
hundreds of feet than the altitude over a plain at the 
same level as the valley; and thus, before we could 
determine the height of the mountain above the level 
of the plain, we should have to determine the exact 
effects due to the confinement of the air in the valley. 
We know that, on the contrary, the average barometric 
pressure in the most confined valley does not difier 
appreciably from the average pressure over the most 
widely extended plain at the same level. 

We may, however, reasonably inquire whether the 
presence of continents in the northern hemisphere 
might not operate in another manner. If we place 
any mass within a vessel containing fluid, it is clear 
that we increase the fluid pressure over every point 
of the vessel's bottom, because this pressure depends 
wholly on the depth of the bottom below the level of 
the fluid, and the level rises when any solid substance 
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is placed within the vessel. Now if we suppose a globe 
covered all over by water to be surrounded by a 
perfectly uniform atmospheric envelope, the mean 
pressure of this envelope at the water-level would 
certainly be increased if continents were supposed to be 
raised in any manner above the surface of the water ; 
and if the atmosphere over one half of such a globe 
were supposed to be prevented in any way from mixing 
freely with the atmosphere over the other half, then it 
is clear that the mean pressure at the water-level would 
be greatest on that half-globe over which the most 
extensive and highest continents had been raised. On 
the assumption, then, of some such arrangement over 
our own earth — an arrangement, that is, which should 
prevent the northern air from mixing with the southern 
— one might see in the northern continents a true 
cause of increased barometric pressure at the sea-level 
of the northern hemisphere. 

We have, however, not only no evidence that such 
an arrangement exists, but very strong evidence of an 
atmospheric circulation which carries air from hemi- 
sphere to hemisphere, and mixes in the most intimate 
manner the whole mass of gases which form the earth's 
atmospheric envelope. The whole question of the 
circulation of the air is investigated in Maury's in- 
teresting work on the Physical Geography of the Sea, 
and he appears to establish in the most convincing 
manner the interchange of air between the northern 
and southern hemispheres. 

And even if we could assume that the atmospheric 
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covering of any portion of the earth's surface was in 
any way prevented finom passing freely to other 
regions, yet the cause assigned would be inadequate 
to account for the difference of barometric pressure 
actually existing between the two hemispheres. All 
the land above the sea-level in the northern hemisphere, 
if nnifonnly distributed over the surface of that 
hemisphere, would be raised to a height of less than 
200 feet above the present sea-level, and the actual 
di£ferenc6 of level corresponding to the observed dif- 
ference of barometric pressure is more than four times 
as great. 

Passing over this theory as neither consistent with 
the known laws regulating the motions of elastic fluids, 
nor sufficient even if the consideration of those laws 
were neglected, we come to the theory suggested by 
Captain Maury — a theory deserving of much more 
attentive consideration. I shall quote his own words, 
as the fairest method of presenting his theory ; after 
stating the observed difference of barometric pressure 
in the two hemispheres, and mentioning the expulsion of 
air from the northern hemisphere as the cause of this 
difference, he writes: — 'To explain the great and 
grand phenomena of nature, by illustrations drawn from 
the puny contrivances of human device, is often a feeble 
resort, but nevertheless we may, in order to explain 
this expulsion of air from the watery south, where all 
is sea, be pardoned for the homely leference. We all 
know, that, as the steam or vapour begins to form in 
the tea-kettle, it expels air thence, and itself occupies 
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the space which the air occupied. If still more heatlj 
applied, as to the boiler of a steam-engine, the air will be 
entirely expelled, and we have nothing bnt steam above 
the water in tJie boiler. Now at the south over thia 
great waste of circumflnent waters, we do not have aa 
much heat for evaporation as in the boiler or the tea- 
kettle; but, as far as it goea, it forma vapour, which 
has proportionately precisely the same tendency that 
the vapour in the tea-kettle has to drive off the air 
above, and occupy the space it held. Nor is this all. 
This (lust.ral vapour, rising up, is cooled and condensed. 
Thus a vast amonnt of heat is liberated in the upper 
regions, which goes to heat the air there, expand it, and 
thoa, by altering the level, causes it to flow off.' 

The theory thna divides itself into two parts : we 
have first the expulsive effects due to the vapour 
raised from southern oceans ; and, secondly, the expan- 
sive effects due to the liberation of heat as the vaponr 
is condensed. Now I wonld, in the first place, submit 
that we cannot assign to the second cause the effects 
here considered. The amount of heat liberated as the 
vapours rising from the southern ocean are condensed is 
undoubtedly great, but it cannot be more than the 
equivalent of the amount of heat rendered latent as the 
vapours are formed, and therefore the expansive effects 
due to the liberation of beat cannot be greater than t 
contrary effects due to tie prior imprisonment of beat/ 
It is quite true, and has been accepted as the undoubte 
explanation of many climatic effects, that if vapour 1 
raised in one place and condensed over another, tha^ 
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tiie temperature of the air over the latter place is raised. 
But when we have to consider a phenomenon extending 
over a zone twenty or thirty degrees in width, we can- 
not argne in this manner. Nay, it is necessary to the 
force of Maury's second cause that the , condensation of 
vapour should take place over the very zone in which 
the vaporisation is proceeding. To assign similar effects 
to both processes, is to require that the winding up and 
the loosening of the spring should take place in the 
same direction. 

Whatever effects, then, are due to the constant 
evaporation going on in the southern hemisphere, must 
not be derived from changes of temperature. So far 
as these are effective at all, they must depend on the 
excess of evaporation over condensation (since the 
excess cannot possibly lie the other way), and therefore 
represent diminution of heat or increase of pressure, the 
contrary effect to that we have to account for. We 
have, therefore, only to consider the first cause men- 
tioned by Maury ; that is, the expulsive effects due to 
the formation of aqueous vapour. 

At first sight, this process of expulsion appears simple 
enough, and seems further to coincide with many well- 
known phenomena. The theory supposes that over a 
wide zone of the southern hemisphere aqueous vapour 
is continually rising ; that as it rises it displaces in 
part the heavier air over these regions ; and that 
equilibrium being thus disturbed, the excess of airflows 
off continually towards the equator. Now we know 
that the prevailing surface-winds over that zone of the 

n. u 
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Houthern hemisphere in which the barometer exhibits 
the peculiarity we are conaidering, blow from the 
equator ; that is, they tend to sweep the lower strata of 
the atmosphere towards the south pole. They therefore 
tend to increase the quantity of humid air in high 
southern latitudes. We know also that the prevailing 
upper currents over the southern zone we are consider- 
ing blow towards the equator. They tend, therefore, to 
carry the drier portion of the air towards the equator. 
All this seems in accordance with Maury's theory, and 
indeed if the prevailing upper and lower currents flowed 
in directions contrary to those indicated, the theory 
would fall at once. 

Again, although we find no evidence in barometric 
pressure over the south tropical zone of that increase 
which Maury's theory would lead us to expect (since 
the surplus air ia carried first to this zone), yet it might 
be argued that the surplus is so distributed as to appear 
in another way. It is evident that if the atmospheric 
envelope normally appertaining to the southern hemi- 
sphere were, through the effects of the causes assigned 
by Maury, increased in extent, this increase might show 
itaelf, not in an increase of pressure over the south 
tropical zone — that is, not in an increase of height there 
— but in the extension of the surplus atmosphere into 
the northern hemisphere. This would be shown by the 
extension of the southern trade-winds to or beyond the 
equator, so that the (so-called) equatorial zone of calms 
should lie north of the equator. As this ia really the 
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position occupied by the belt of cahns, Maury's theory 
appears to gain additional force by the coincidence. 

Another argument may be drawn from the analogy 
of the low barometer in moist weather. In fisbct, it is 
well known that Deluc explained this phenomenon in a 
manner precisely accordant with the views expressed 
by Maury. 

Despite the apparent force of these arguments, and 
others that might be adduced, it will not be difficult, 
I think, to show that neither is Maury's theory con- 
sistent with known physical laws, nor (passing over this 
objection) is the theory sufficient to account for the 
grand phenomenon under consideration. 

It is quite true that a volume of aqueous vapour 
weighs less than an equal volume of air ; it is equally true 
that a volume of moist air weighs less than an equal 
volume of dry air at tlie same tension. But water, 
quietly evaporating in the open air, does not displace 
the air, but penetrates into its interstices, according 
to the well-established law regulating the mixture of 
vapours. The aqueous vapour which thus intimately 
mixes itself with the air produces no effect whatever, 
either by its weight or by its elasticity, on the move- 
ments of the atmosphere. The experiments of Gay- 
Lussac, Dalton, and others, have long since proved that 
the actual effects of the quiet evaporation of water are 
those here described. It is on this account that Deluc's 
hypothesis in explanation of the fall of the barometer 
when the air is moist is now no longer accepted. It 
has been shown that the observed fall is not due to the 

u 2 
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moistnesB of the air, but to increaae of temperature. 
Hot winds bring (in Europe) moist air, and thus moist 
air and a low barometer are found to be coexistent 
phenomena. But they are not in the relation of cause 
and effect. In fact, in New Holland, where hot winds 
bring dry air, we find the barometer low when the air 
is dry. 

It follows from what has just been said of the manner 
in which aqueous vapour associates itself with air, that 
atmospheric pressure ia increased instead of diminished 
by the process of quiet evaporation, since the weight 
of the vapour is added to that of the air. Therefore, 
all things being equal, we should expect to find the 
barometer higher in the southern or watery hemisphere 
than in the northern. 

Itmight seem unnecessary to consider Maury's theory 
further, but as some doubts may still remain whether 
some process of the kind conceived by him may not 
take place,' I proceed to consider the efficieneij of such 
a process to account for the great phenomenon we are 
dealing with. 

It must be remembered, in the first place, that the 
theory requires that there should be a greater volume 



' In fact, sir J, Heracliel,inliia worko 
oanfie of the low barometric pre asnre near the eqnator, compared with 
that near the tiopioa, a proaeas similar to that conceived by Haar;, 
only depending on the excess of heat near the eqnatar. I cannot but 
agree with those meteorologiBlB who consider that the notion of any 
appreciable vplifting of the air by the rising vapoar of water is a mis- 
taken one. Bat whether it be bo or not, it ia evident that Herachel'a 
view would require a regular increase of pressnre from the equator 
io pole, and therefore ia opposed to Maory's esplanation 
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of mixed air and vapour over the southern temperate 
flone than there is in the corresponding northern zone, 
otherwise there would not be that continual overflow 
towards the equator which is required by the theory. 
So &r as it goes, this increment of volume implies an 
increment of weight. The increase of volume is more 
than compensated (in theory) by diminution of specific 
gravity, but it must be held in mind that the increase 
of volume has to be accounted for by the theory as well 
OB the difference in barometric pressure. 

Again, the theory requires that the upper regions of 
air should be dry, for it is the upper air that is carried 
towards the equator ; and if this air were moist, we 
shonld no longer have the different proportions of moist 
and dry air which are required by the theory. We 
must have an aggregation of moist air in high southern 
latitudes, and of dry air towards the equator. 

Again, we must call to mind that one-half of the 
northern hemisphere is covered by water, aCnd a part of 
the southern hemisphere is not so covered, so that the 
effects suggested by Maury are (1) not peculiar to the 
soathem hemisphere, nor (2) do they prevail over the 
whole of that hemisphere. 

Lastly, we must remember that the process conceived 
by Maury must be wholly or principally a diurnal pro- 
cess, and so can only take place (on an average) over 
one half of the southern zone at any one time. 

All these considerations tend to diminish very im- 
portantly the eflSciency of the cause assigned by Maury. 
Let us, however, consider what is the maximum value 
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that efBciency could have if all these circnmBtances wi 
neglect**]. We shall see that even in this case, which 
assigns an efficiency at least three or four timee as greatj 
as would be consistent with actual facts, we shall still', 
find the cause assigned by Maury inadequate to thd 
production of the phenomenon under consideration. 

The greatest weight of aqueous vapour which is ei 
present in a given volume of air is equivalent to ab 
one-sirtieth part of the weight of the air. Now, if 
suppose the barometer at thirty inches, and the whole 
column of air above the barometer to be impregnated 
with air in the above-named proportion — a view veiy 
favourable to the theory, since the cold of the up] 
regions of air largely diminishes the proportionat 
weight of aqueous vapour — it is clear that one-sixtieth 
part — or half an inch — of the barometer's height is due 
to the presence of aqueous vapour. Now, at mean 
tensions the specific gravity of aqueous vapour is about 
three-fifths of the specific gravity of air, so that tl 
proportion of one-sixtieth part of weight correspom 
to a proportion of one-thirty-sixth part of volume 
other words, our column of air owes one-thirty-sixtl 
part of its height to the presence of aqueous vapour. 
If we suppose this thirty-sixtli part to flow off — not 
from the upper regions only, but in such a manner that, 
one complete thirty-sixth part of the volume of 
column should pass off — then, instead of standing at 
height of thirty inches, the barometer would stand at 
height of 29J inches, less by only one-third of an ini 
tiaxa the height of 21l| inches due to the dry air aJoj 
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Now we cannot, in accordance with Maury's theory, 
legitimately add the five-sixths of an inch of barometric 
pressure to the height of the barometer under a neigh- 
bouring column. For we have no evidence to show 
that the air assumed to be expelled from the southern 
temperate isone is heaped over the southern tropical 
zone; on the contrary, we have a barometer in the 
latter zone not quite so high even as the barometer in 
the corresponding northern zone. Therefore if air is 
expelled in the manner supposed by Maury, it must be 
distributed over a very much greater portion of the 
globe's surface than it had been expelled from. Hence, 
returning to our imaginary column of air, but a small 
fraction of the five-sixths of an inch due to overflow 
must be added to the barometer under a neighbouring 
air-column. The latter barometer originally at 29^ 
may be fairly assumed to rise at most to about 29^ 
inches. We have, then, a difierence of 29f — 29^ 
inches, or two-thirds of an inch ; so that despite all the 
opposing considerations we have neglected, we still 
have a diiBFerence less by one-third than that for which 
we have to account; and, indeed, so far as the com- 
parison between the northern and southern temperate 
zones is concerned (and this is the true question at 
issue), we are only entitled to consider the third part 
of an inch lost by overflow, as the true measure of the 
efficiency of this cause. 

So far as I am aware, the theory I am about to pre- 
sent in explanation of the phenomenon of a low antarctic 
barometer is original. It is sufficiently simple; — • 



perhaps, if we remember how very seldom physical 
phenomena admit of a simple explanation, one may 
say that tlie theory labours under the disadvantage ot 
simplicity. 

It is obvious that the centre of gravity of the solid 
portion of the earth's globe lies somewhat to the south; 
of the centre of figure. This arrangement has loi 
been accepted a^ the explanation of two remarkable 
geographical features — the prevalence of water ove 
the southern hemisphere, and the configuration of nearli 
all the peninsulas over the whole globe. Whethai 
or not those parts within the antarctic regions whidb 
have not yet been explored, are occupied by landi 
(chiefly) is a question which haa little more bearing oW 
our views respecting this point than has the conntai! 
question — whether the unexplored north-polar regions 
are or are not occupied by a north-polar ocean.' Su| 

' Captain Mauiy holds t.be afflrmntive on both poitita. I bai 
already hod occasion to discuss in tlicae pages his theory of a 
north-polar ocean, and I thinit the theory cannot be maint-ained. Bi 
the theory of a polar ooean communioating with the Atlantic u 
Pacific ia a sufflciently probable one. The theory of an antarctic oo 
tinent is hardly in the some position, since antarctic exploratioiifl . 
have given us but faint indications, here and there, of the babitudsft 
of the aouth-polar regions, liut I may note, in passing, a very 
sicgnlar aigament used by Captain Maury in favour of the exiat< 
ence of sncb a continent. He slates it as a physical law that 
is scarcely ever antipodal to Land; 'therefore,' he aays, 'sinc< 
north-polar r^ans are probably occnpied by a vast ocean, ihti 
south-polar regions are probably occupied by a vast continent.' He 
seems to forget that it by no means follows that because land i» 
seldom antipodal to land, waterahouldscldom be antipodal to wa(«r. 
Since the extent of water is nearly three times that of land, it is 
absolutely neceesaxy that nearly two-thirds of the water shonld be 
1 to water. Hie sapposed pecaliarity that nearly all the 
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posing these arrange ments to exist, it is evident that 
they form mere local peculiarities. The general tend- 
ency of water towards the southern hemisphere is very 
obvions, and, so far as I am aware, no other explanation 




of the peculiarity has ever been offered than that foonded 
on a slight displacement southwards of the earth's 
centre of gravity. If, then, C is the centre of the black 
circle in Fig. 3, representing the solid part of the 

tipodal to water (one twenty-aeventb cmij being antipodal 

reality no pecnliaritj" at all. It would have been " 

tfngnlai i i any large proportion of the land (wbich oconpieB 

than one -fourth of tbeg]obe)hadbeen antipodal to land. 
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earth, the centre of gravity of this part lies (in the Fig.M 
slightly below C — between C and C, let ub suppose, ■ 

Now we see that, owing to the alight displacenaent^ 
the watery envelope of the earth tends southward, id 
the earth were a perfectly uniform apheroid, it is cleoQ 
that there would be a tendency to some such arrange^ 
ment as is represented (on a greatly exaggerated scalen 
in Tig. 3, in which the shaded part represents the seM 
— that ia, a shell of water, thicker towards the soathj 
would surround the solid earth. For our present par-l 
poses it is sufUcient to consider this supposed arrange^ 
ment, as minor inequalities of the earth's surface^ 
contour have clearly nothing whatever to do with thel 
phenomenon we are considering. I 

Let C be the centre of the spheroid which bounds 
the eai'th's fluid envelope. Then it is very clear that 
if this envelope were of the same specific gravity as the 
solid portion of the earth, the centre of gravity of thoj 
entire mass would lie very near C, but slightly soutl 
of that point, on account of the slight southerly { 
placement of the centra of gravity of the solid portion;! 
But when we consider that the specific gravity of th<v 
fluid envelope is less than one-fifth of that of the solid j 
globe, it is perfectly clear that the centre of gravity ofl 
the entire mass will not be so far south as C. For, 1 
the entire muss, the northern half is the heavier, and I 
therefore the centre of gravity must lie north of the' I 
centre of the entire mass — that is, north of C. 
fact, it must lie much nearer to C than to C. 

Thus, the centre of gravity of the solid globe, en^ 
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; of the entire mass, solid and fluid, both He be- 
Ween C and C. Now it is evident that the central 
point, abont which the earth's atmoapheric envelope 
tends to fonn itself as a spherical or spheroidal shell, is 
tbe centre of gravity of the entire solid and flnid 
'teirestrin-l globe — that ia, is a point north of C. There- 
'ibre, preeisely aa the effect of the fluid envelope collect- 
ing itself centrally about a point south of C is to cause 
the mean depth of water to be greatest in the loulhem 
hemisphere, so the fact that the atmospberic envelope 
collects itself centrally about a point nmih of C ahonid 
leault in giving a greater mean depth of air (referred 
to tli6 se(i,-level) over the noTthem. hemisphere. This 
(HTangement is represented in Fig. 3, in which the un- 
shaded part ia supposed to represent the atmosphere. 

I have endeavoured to mate the above explanation 
of my theory in explanation of the low antarctic baro- 
* complete and exact aa possible ; but there is 
another way of preaenting the theory, which, though 
eea complete, may appear clearer to some minds : — 

Variation of mean barometric pressure, aa we pro- 
sed from one place to another, may be due either to a 
Eiriation of circumstances of heat, moisture, and other 
^ke relations, or to difference of level, Maurj-'s ex- 
planation assigns to the low antarctic barometer a cause 
r causes falling under the former category. My theory 
amounta to the supposition that the low barometer is 
due to an absolute difference of level, I say that the 
aea-level, to which we refer barometric pressure, is mo( 
I a just level of reference when atmospheric pressure over 
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the whole globe is the subject of iuqniry, because the 
southern seas ataiiJ out to a greater distance than the 
northern seas from the true centre of gravity of the 

earth's solid and fluid masB, 

Assuming my theory to be correct, we have a meana 
— rough, it may be, but not uninstructive — of deter- 
mining the displacement of the centre of gravity of the 
earth's solid mass from the centre of figure. For, accept- 
ing one inch aa the difference of barometric height at 
the two poles, it is easily calculated that this difference 
amounts to a difference of level of about 860 feet. In 
other words, the surface of the water at the sotith pole lies 
farther than the surface of the water at the north pole 
from the centre of gravity of the entire fluid and solid 
globe, by about 850 feet. Hence this centre of gravity 
must lie abont 425 feet north of C (which is the centre 
of the bounding snrfece of the water). Now, it is 
evident that both the centre of gravity of the entire 
fluid and solid mass, and that of the solid mas 
lie much nearer to C thad to C. Hence both these J 
centres of gravity lie conaiderably within 400 feet of G, ' 
and C lies conaiderably within 825 feet of C. ThnsJ 
the centres of figure and the centres of gravity of the I 
earth's solid maaa, and of the entire fluid and solid mass I 
are collected within a space less than one-eighth of a I 
mile in length — a distance almost evanescent in com- I 
pariaon with the dimensions of the earth's globe. 
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66 Wo'xIciitB. Fcp. 8vo. 6s. 

_ MITCHELL— A Manual of Practical Assaying. By John 
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UNWIN— The Testing of Materials of Construction. Em- 
bracing the Description of Testing Maubinery and Apparatus Auiiliarj 
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searches on the Strength of Materials. By W. CAWTHOttUE Unwin, 
B.Sc, Mem, Inst. Civil Engineers, Professor of Engineeiing at the 
Central Institution of the City and Guilds of London Inatittite. 
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Uuiters OD the InetmioBntH aBetTiii Astrononiicat ObHirations, Om Bartb, tbe I»uniB.I 
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SoiiUi Decli nation. Drawn at the Earl of Russe's Oliaervatory at Birr 
Caatle. By Otto Bieudickeb. With Descriptive Letterpreaa. 4 
Platiis, size 18 in. by 23 in. in portfolio, 30s. 

JBIKKj:iBT'S Astronomy. Ee-ed ited and Rcviaed by J. W. Stcbbs, 
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a*. 6il. eiic\i. Sii|.|.li>inaiit;.ry .Section, 
li. Complete in I vol. itu. 3«». 
Tho Moon : Her Motions, Asjh'cC, 
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With many Platoa nud Churls, Wood 
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contnLsting out Little Abode in Space 
and Time with the InHnites aroand 



New Star Atlas for the Library, 

tha School, and the Observatory, m 
Twelve Circular Map (wiih 2 Index- 
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the Length of the Day Disuusaed. By T. K. Abbott, B.D., Fellow 
and Tutor, Trinity Coikge, Dublin. Crown 8vo. 2s. 



I 



SCOTT— "Weather Charts and Storm "Warnings. By Robkbt 
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iwy PhvsiiAnfiy in iU applicatiou to llic Doily Wimts of Man and 
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